Estimating evapo-transpiration losses in the Dominion of Canada from meteorological data. by Kurtz, Thomas M.
University of Windsor 
Scholarship at UWindsor 
Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 
7-17-1965 
Estimating evapo-transpiration losses in the Dominion of Canada 
from meteorological data. 
Thomas M. Kurtz 
University of Windsor 
Follow this and additional works at: https://scholar.uwindsor.ca/etd 
Recommended Citation 
Kurtz, Thomas M., "Estimating evapo-transpiration losses in the Dominion of Canada from meteorological 
data." (1965). Electronic Theses and Dissertations. 6391. 
https://scholar.uwindsor.ca/etd/6391 
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer.
The quality of this reproduction is dependent upon the quality o f the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and continuing 
from left to right in equal sections with small overlaps.
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ESTIMATING EVAPO-TRANSPIRATION LOSSES IN THE DOMINION OF CANADA 
FROM METEOROLOGICAL DATA
A THESIS
Su b m i t t e d  to  t h e  F a c u l t y  o f  G r a d u a te  S t u d i e s  t h ro u g h  t h e  
D epa r tm en t  o f  C i v i l  E n g i n e e r i n g  in  P a r t i a l  F u l l f i l m e n t
o f  t h e  R e qu i re m en ts  f o r  the  Degree  o f
M a s te r  o f  A pp l i ed  S c i e n c e  a t  t h e
U n i v e r s i t y  o f  W indsor .
by
Thomas M. K ur tz  
B . A . S c . ,  U n i v e r s i t y  o f  W indso r ,  196^
W indsor ,  O n t a r i o ,  Canada.
1965
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
UMI Number:EC52572
UMI*
UMI Microform EC52572 
Copyright 2007 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code.
ProQuest Information and Learning Company 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
APPROVED BY:
1). £.A. i'
u . u U:cA
i 22172
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
ABSTRACT
Mean annua l  e v a p o - t r a n s p i r a t i o n  l o s s e s  a r e  e s t i m a t e d  from 
m e t e o r o l o g i c a l  and h y d r o l o g i c a l  r e c o r d s  u s i n g  t h e  w a t e r  budge t  
e q u a t i o n .  The e f f e c t  o f  changes  in  s t o r a g e  a r e  d i m i n i s h e d  by 
t a k i n g  t h e  d i f f e r e n c e  be tween t h e  t o t a l  p r e c i p i t a t i o n  and t h e  
t o t a l  r u n o f f  f o r  a s i x  y e a r  p e r i o d .  V a lu e s  o f  l o s s e s  so d e ­
t e r m in e d  a r e  c o r r e l a t e d  w i t h  v a l u e s  o f  l o s s e s  p r e d i c t e d  by a 
g r a p h  (Append ix  I ,  f i g u r e  2)  deve loped  by B u t l e r ^ ^  from work 
by Langbe in  and o t h e r s ^ ^ .  The m easured  l o s s e s  a r e  p l o t t e d  on 
a  map o f  Canada and l i n e s  o f  e q u a l  l o s s e s  a r e  drawn to  show th e  
r e g i o n a l  v a r i a t i o n s .
I n  Appendix I I ,  t h e  use  o f  v a r i o u s  methods o f  e s t i m a t i n g  
p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  a r e  i l l u s t r a t e d  f o r  an example 
d r a i n a g e  a r e a  on th e  v a l l e y  o f  t h e  Thames R i v e r ,  O n t a r i o .  The 
methods  used a r e  based  m a in ly  on ene rgy  budge t  and mass t r a n s f e r  
c o n c e p t s .
I n  a  f u t u r e  s t u d y ,  such methods c o u ld  be used  t o  e s t i m a t e  
p o t e n t i a l  l o s s e s  f o r  t h e  whole c o u n t r y .
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R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
ACKNOWLEDGEMENTS
The a u t h o r  w i s h e s  t o  e x p r e s s  h i s  g r a t i t u d e  t o  h i s  
a d v i s o r ,  Dr.  H .P .  H e r b i c h ,  f o r  h i s  i n v a l u a b l e  g u id a n c e  and 
c o u n s e l  i n  t h e  p r e p a r a t i o n  o f  t h i s  work ,  and to  t h e  m e t e ­
o r o l o g i c a l  Branch o f  t h e  D epa r tm en t  o f  T r a n s p o r t  f o r  s p o n s o r i n g  
and p r o v i d i n g  f i n a n c i a l  a s s i s t a n c e  f o r  t h i s  p r o j e c t .
i v
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
TABLE OF CONTENTS
P a g e
ABSTRACT ............................................................................................................... i i i
ACKNOWLEDGEMENTS ...........................................................................................  i v
PREFACE ........................................................................................................................ i x
CHAPTER
I  INTRODUCTION ...................................................................................  1
I I  REVIEW OF LITERATURE .....................................    5
I I I  THEORETICAL BASIS FOR MEASUREMENT OF LOSSES ...........  5
IV COMPUTATIONAL PROCEDURE
( a )  S o u r c e s  o f  H y d r o l o g i c a l  D a t a .........................  7
( b )  P r e p a r a t i o n  o f  Map ..............................................  7
( c )  D a t a  and C om pu ta t ion  S h e e t s  ........................  9
V DISCUSSION OF RESULTS .............................................................  11
VI FACTORS AFFECTING ACTUAL EVAPO-TRANSPIRATION
LOSSES*................................................................................................... 13
V II  SOURCES OF ERROR.........................................................................  15
V I I I  CONCLUSIONS ....................................................................................  20
APPENDIX I  ..........................................................................................................  22
APPENDIX I I  METHODS OF ESTIMATING POTENTIAL EVAPO-
TRANSPIRATION .....................................................7 ........... 3b
NOTATION ............................................................................................................... 55
REFERENCES ..........................................................................................................  58
VITA AUCTORIS ................................................................................................... 6 1
v
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
LIST  OF FIGURES
P a g e
APPENDIX
r
F i g .  ' 
F i g .  't 
F i g .  ;
F i g .  1
F i g .  5
APPENDIX 
F i g .  1 
F i g .  2
F i g .  3 
F i g .  4
F i g .  5
1 Map o f  Canada showing l i n e s  o f  Mean
Annual  Water  L o s s e s .  '  2°
1 E v a p o - t r a n s p i r a t i o n  i n  R e l a t i o n  to
P r e c i p i t a t i o n  and T e m p e r a t u r e .  30
5 D a ta  and Computat ion  S h e e t .  31
t D a ta  and Computat ion  S h e e t .  32
J Comparison o f  Computed and E s t i m a t e d
Average Annual  E v a p o - t r a n s p i r a t i o n  
l o s s e s .  33
I I
Thames R i v e r  B a s in  above S t a t i o n  2GE,.  h-3
3
Nomograph f o r  Computing M onth ly  Evapo-  
t r a n s p i r a t i o n  ( T h o r n t h w a i t e  M ethod) .  kb
T e m p e r a tu r e  v s .  S a t u r a t e d  Vapour P r e s s u r e .  ^9
T e m p e r a tu r e  v s .
^  ^d S a t u r a t i o n  Vapour P re s s u r e ,m .m .H g
’)
o.d T e m p e r a t u r e ,  F
f o r  u s e  w i t h  Penman 's  method f o r  c a l ­
c u l a t i n g  e v a p o - t r a n s p i r a t i o n .  k$
A b s o l u t e  Humid i ty  v s .  Dry Bulb T e m p e r a tu r e .  ^ k
v i
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
L IST OF TABLES
APPENDIX I  
T a b l e  1
T a b l e  2
APPENDIX I I  
T a b l e  1
T a b l e  2 
T a b l e  J  
T a b l e  1*
T a b l e  5
T a b l e  6 
T a b l e  7
T a b l e  8
T a b l e  9
T a b l e  10
P a g e
Re s u l t s  o f  Com puta t io ns  1955~6 l .
R e s u l t s  o f  C om puta t io ns  f o r  P a c i f i c
D r a in a g e  1955-56.  27
Mean p o s s i b l e  d u r a t i o n  o f  s u n l i g h t  i n  
t h e  n o r t h e r n  and s o u t h e r n  h e m is p h e re  
e x p r e s s e d  in  u n i t s  o f  JO days  o f  12 h ou r s  
e a c h .  1*1;
C a l c u l a t i o n s  ( T h o r n t h w a i t e  Method)  1*1*
C a l c u l a t i o n s  ( B lane y  -  C r i d d l e  Method) 1*3
Normal s e a s o n a l  c o n s u m p t iv e - u s e
c o e f f i c i e n t s .  1*5
Monthly p e r c e n t a g e  o f  d a y - t i m e  h o u r s
o f  t h e  y e a r .  1*5
C a l c u l a t i o n s  ( H a rg r e a v e s  Method) 1*6
C a l c u l a t e d  month ly  d a y - t i m e  c o e f f i c i e n t s ,
(d )  f o r  H a r g re a v e s  Fo rmula .  1*6
Consum ptive -use  c o e f f i c i e n t s  f o r  u s e  in
t h e  H a r g re a v e s  Fo rmula .  1*7
2+
Values  o f  T^ f o r  v a r i o u s  t e m p e r a t u r e s
when comput ing  e v a p o - t r a n s p i r a t i o n  by
Penman method.  1+8
Mid-month ly  i n t e n s i t y  o f  s o l a r  r a d i a t i o n
( R . )  on a h o r i z o n t a l  s u r f a c e  i n  mm. o f  A
w a t e r  e v a p o r a t e d  p e r  day.  1*8
y i i
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
' P a g e
T a b le  11
T a b l e  12 
T a b l e  13
T a b l e  I k
C a l c u l a t i o n  s h e e t  f o r  Penman method
o f  comput ing  e v a p o - t r a n s p i r a t i o n .  50
C a l c u l a t i o n s  ( J e n s e n  and H a i s e  M ethod) .  52
T o t a l  s o l a r  and sky r a d i a t i o n  f o r  c l o u d l e s s  
s k i e s  ( c a l c u l a t e d  from Budyko,
T a b l e  1} e x p r e s s e d  i n  i n c h e s  e v a p o r a t i o n  
e q u i v a l e n t  ( l  gram w a t e r  = 59^ c a l o r i e s ) .  52
C a l c u l a t i o n s  (Hamon M ethod) .  53
v i i i
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
PREFACE
One o f  C a na da ’ s g r e a t e s t  n a t u r a l  r e s o u r c e s  i s  i t s  g e n e r a l  
abundance  o f  w a t e r .  T h i s  r e s o u r c e , (probably more t h a n  any o t h e r ,  
w i l l  d e t e r m i n e  t h e  f u t u r e  economic deve lopm en t  o f  Canada and many 
p a r t s  o f  t h e  U n i t e d  S t a t e s  d u r i n g  t h e  n e x t  few d e c a d e s .  The d e ­
v e lo p m e n t  o f  modern hou se h o ld  e q u ip m e n t ,  new i n d u s t r i a l  p r o c e s s e s ,  
and r e c e n t  f a rm ing  t e c h n i q u e s ,  have a l l  i n c r e a s e d  t h e  need  f o r  
w a t e r .  I n  o r d e r  t o  p r o p e r l y  a s s e s s  and u t i l i z e  t h i s  n a t u r a l  r e ­
s o u r c e ,  we must  t r y  to  a c c u r a t e l y  a n a l y z e  e ach  p h a s e  o f  t h e  
h y d r o l o g i c  c y c l e  in  which  i t  o c c u r s .  I t  i s  w i t h  t h i s  i d e a  i n  
mind t h a t  t h e  f o l l o w i n g  i n v e s t i g a t i o n  o f  e v a p o - t r a n s p i r a t i o n  l o s s e s  
was u n d e r t a k e n .
i x
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CHAPTER I  
INTRODUCTION
Water  l o s s e s  i n  a d r a i n a g e  b a s i n  may be d e f i n e d  as  the  d i f f e r e n c e
( 2 )between th e  t o t a l  p r e c i p i t a t i o n  and t h e  t o t a l  r u n o f f  f rom the  b a s i n  . 
The l o s s e s  may be s u b d iv i d e d  as  f o l l o w s :
1. I n t e r c e p t i o n .
2 .  E v a p o r a t i o n  from f r e e  w a t e r  s u r f a c e s .
3 .  P l a n t  t r a n s p i r a t i o n .
4.  S o i l  or  land e v a p o r a t i o n .
5.  W ate rshed  l e a k a g e .
Each o f  t h e s e  l o s s e s  o c c u r s  a t  d i f f e r e n t  r a t e s  a t  d i f f e r e n t  
t i m e s .  W ate rshed  l e a k a g e ,  a l t h o u g h  q u i t e  common, i s  c o n s i d e r e d  r e ­
l a t i v e l y  u n i m p o r t a n t , a n d  t h e  l o s s e s  f rom one b a s i n  a r e  f r e q u e n t l y  
b a la n c e d  by a c c r e t i o n s  from a n o t h e r .  T h e r e f o r e ,  n e g l e c t i n g  w a te r s h e d  
l e a k a g e ,  we may r e f e r  t o  t h e  c o m b i n a t i o n  o f  t h e  o t h e r  l o s s e s  as  "evapo-  
t r a n s p i r a t i o n  l o s s e s "  (E ) o r ,  when r e f e r r i n g  t o  a p a r t i c u l a r  type  o f  
v e g e t a t i o n ,  as  t h e  "consumptive  u s e " .
( 3)In  a p a p e r  by J e n s e n  and H a i s e  ' t h e  f o l l o w i n g  r e a s o n s  were given  
f o r  t h e  ne ed  f o r  g r e a t e r  a c c u r a c y  i n  d e t e r m i n i n g  e v a p o - t r a n s p i r a t i o n  
l o s s e s :  ( l )  growing c o m p e t i t i o n  f o r  l i m i t e d  w a t e r  s u p p l i e s ,  ( 2 ) i r r i ­
g a t i o n  p r o j e c t s  t h a t  r e q u i r e d  t h e  s m a l l e s t  i n i t i a l  c o s t  have been 
comple ted  and h i g h e r  c o n s t r u c t i o n  c o s t s  o f  new p r o j e c t s  demand c l o s e r  
t o l e r a n c e s  and l e s s  leeway i n  d e s i g n  to  make t h e  p r o j e c t s  e c o n o m ica l ly  
f e a s i b l e ,  ( 3 ) w a t e r  l i t i g a t i o n s  be tween  i r r i g a t i o n  d i s t r i c t s ,  s t a t e s ,  
uppe r  and lower  r i v e r  b a s i n s  and ,  i n  some c a s e s  be tween c o u n t r i e s ,  a r e
1 .
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r e q u i r i n g  more p r e c i s e  E^ e s t i m a t e s , ( k )  r i v e r  b a s i n  deve lo pm en t  
f o r  maximum u s e  o f  w a t e r  s u p p l i e s  r e q u i r e s  long r a n g e  p l a n n i n g  w i t h  
r e l i a b l e  e s t i m a t e s  o f  E^_, ( 5 ) s p r i n k l e r  i r r i g a t i o n  d e s i g n  r e q u i r e s  
a c c u r a t e  s h o r t  p e r i o d  e s t i m a t e s  f o r  5 t o  10 days  t o  a s s u r e  a d e q u a t e  
b u t  economic c a p a c i t y  t o  mee t  p e a k  demands , ( 6 ) many d r a i n a g e  
p r o b le m s  can be avo ided  o r  t im e  o f  o c c u r r e n c e  p r e d i c t e d  i n  advance  
i f  a c c u r a t e  E^ _ e s t i m a t e s  a r e  a v a i l a b l e ,  a n d ,  ( 7 ) e x i s t i n g  p r o j e c t s  
can  o f t e n  r e d u c e  o p e r a t i o n a l  w a s t e s  by p r e d i c t i n g  w a t e r  d e l i v e r i e s  
s e v e r a l  days i n  a dvance .
C o m p e t i t i o n  f o r  ou r  w a t e r  r e s o u r c e s  i s  c e r t a i n  to  become more 
and more keen  i n  t h e  y e a r s  t o  come. T h i s  i n c r e a s e  w i l l  o c c u r  n o t  
o n l y  among t h e  v a r i o u s  t y p e s  o f  u s e s  t h a t  e x i s t  to d a y  b u t  among t h e  
new ones  t h a t  w i l l  d e v e lo p .
2.
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CHAPTER I I  
REVIEW OF LITERATURE
Many i n v e s t i g a t i o n s  have  be en  c a r r i e d  on i n  t h e  p a s t  JO y e a r s  
i n  t h a t  f i e l d  o f  h y d r o lo g y  r e l a t i n g  t o  t h e  d e t e r m i n a t i o n  o f  w a te r  
s u p p l y  and w a t e r  demand.  Most o f  t h e  r e s e a r c h  i n  the  N o r th  
American c o n t i n e n t  h a s  been c o n d u c te d  i n  t h e  U n i ted  S t a t e s  and 
v e r y  l i t t l e  h a s  been  done in  Canada.
Around t h e  t u r n  o f  t h e  c e n t u r y ,  r u n o f f  was g e n e r a l l y  con­
s i d e r e d  and e x p r e s s e d  a s  a p e r c e n t a g e  o f  r a i n f a l l .  As t h e  s c i e n c e  
d e v e l o p e d ,  i t  was r e a l i z e d  t h a t  r u n o f f  i s  t h e  r e m a in d e r  a f t e r  the 
v a r i o u s  l o s s e s  a r e  s u b t r a c t e d  from p r e c i p i t a t i o n .  T h i s  f a c t  a lo n e  
was an i m p o r t a n t  b r e a k t h r o u g h  and i t  opened t h e  door  on an e n t i r e l y  
new f i e l d  o f  e s t i m a t i n g  and m e a s u r i n g  w a t e r  l o s s e s .
Numerous s t u d i e s  were  c o n d u c te d  on s e a s o n a l  e v a p o - t r a n s p i r a t i o n  
( c o n s u m p t i v e  u s e )  d u r i n g  the  f i r s t  q u a r t e r  o f  t h e  c e n t u r y ^ ( W i d s t o e ,  
1912; H a r r i s ,  1920;  Lewis ,  191 9 j H e m p h i l l ,  1922;  I s r a e l s e n  and 
W in s o r ,  1922;  and B r i g g s  and S h a n t z  1916a ,  1916b ) .  An e x c e l l e n t  
summary o f  some o f  t h e s e  e a r l y  s t u d i e s  a p p e a r s  i n  the  P r o g r e s s  
R e p o r t  o f  t h e  Duty o f  Water  Commit tee  o f  t h e  I r r i g a t i o n  D i v i s i o n ,  
ASCE, "Consumpt ive Use o f  Water  i n  I r r i g a t i o n "  p r e s e n t e d  i n  1927 
and l a t e r  p u b l i s h e d  (Anonymous, 195^)^ \  Many s t u d i e s  were  a l s o  
c a r r i e d  o u t  i n  Eu rope  d u r i n g  t h i s  p e r i o d  i n  such  c o u n t r i e s  as  
A u s t r i a ,  Germany, Po land  and Sweden.
5-
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Between 1920 and 1950 c o n s i d e r a b l e  emphas i s  was p l a c e d  on the  
deve lopm en t  o f  p r o c e d u r e s  f o r  e s t i m a t i n g  s e a s o n a l  e v a p o - t r a n s p i r a t i o n .  
A i r  t e m p e r a t u r e ,  b e in g  r e a d i l y  a v a i l a b l e ,  was t h e  m ajor  c l i m a t i c  
v a r i a b l e  i n  t h e  v a r i o u s  p r o c e d u r e s  de ve loped^  ^ ( H e d k e ,  192^; Blaney 
and M or in ,  19^2;  Lowry and J o h n s o n ,  19^-2; T h o r n t h w a i t e ,  19^-8; and 
Blaney  and C r i d d l e ,  195°) •
Many e v a p o - t r a n s p i r a t i o n  s t u d i e s  have  been c onduc ted  s i n c e  1950 
and a  few o f  t h e s e  a r e  m ent ioned  i n  t h e  l i s t  o f  r e f e r e n c e s .  Two 
t h e o r e t i c a l  a p p ro a c h e s  t o  t h e  p rob le m  have  been i n v e s t i g a t e d ,  namely ,  
t h e  mass t r a n s f e r  and t h e  ene rgy  b a l a n c e .  The l a t t e r  a pp roa c h  has  
r e c e i v e d  g r e a t e r  a c c e p t a n c e  b e c a u s e  l e s s  r e f i n e m e n t  i n  i n s t r u m e n t a t i o n  
i s  n e c e s s a r y .
(5 ) Penman (19^9)  combined t h e  t h e o r i e s  o f  mass t r a n s f e r  and 
e n e r g y  b a l a n c e .  The mass t r a n s f e r  t h e o r y  u t i l i z e s  c o n c e p t s  o f  
e v a p o r a t i o n  b e in g  r e l a t e d  t o  t u r b u l e n c e ,  and p r e s s u r e  and t e m p e r a t u r e  
g r a d i e n t s  , w h e r e a s ,  t h e  energy  b a l a n c e  t h e o r y  i n v o l v e s  e v a p o r a t i o n  
as  one method o f  d i s s i p a t i n g  incoming r a d i a t i o n .  The u s e  o f  the  
Penman e q u a t i o n ,  even though  e v a l u a t e d  w o r ld w id e ,  h a s  n o t  ga in ed  
g r e a t  p o p u l a r i t y  among e n g i n e e r s  b e c a u s e  i t  r e q u i r e s  measurem ents  o f  
mean t e m p e r a t u r e  and mean wind v e l o c i t y  ove r  t h e  growing c ro p .
Some o f  t h e  more p r o m i s i n g  es t imat ing: : ;methods  a r e  compared i n  
Appendix I I .
k
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CHAPTER I I I  
THEORETICAL BASIS FOR MEASUREMENT OF LOSSES
As s t a t e d  e a r l i e r ,  t h e  t o t a l  e v a p o - t r a n s p i r a t i o n  l o s s e s  f rom
any d r a i n a g e  b a s i n  c o n s i s t  o f  i n t e r c e p t i o n ,  e v a p o r a t i o n  from lan d
and w a t e r  s u r f a c e s  and t r a n s p i r a t i o n .  O r d i n a r i l y ,  t h e s e  l o s s e s
f o r  any g i v e n  d r a i n a g e  b a s i n ,  can be e i t h e r  measured or  e s t i m a t e d
more a c c u r a t e l y  and more e a s i l y  c o l l e c t i v e l y  t h an  s e p a r a t e l y .
( 2 )The r e l a t i o n s h i p  be tween  t h e s e  c o l l e c t i v e  l o s s e s ,  r a i n f a l l ,  
r u n o f f ,  and s t o r a g e ,  i s  e x p r e s s e d  by t h e  h y d r o l o g i c  e q u a t i o n
L = P  -  Q -  A S (1 )
i n  which L i s  t h e  t o t a l  l o s s e s  f o r  t h e  p e r i o d ,  P t h e  t o t a l  p r e ­
c i p i t a t i o n  f o r  t h e  p e r i o d ,  Q t h e  t o t a l  r u n o f f  f o r  t h e  p e r i o d ,  and 
A S t h e  i n c r e m e n t  i n  s u r f a c e  and s u b s u r f a c e  s t o r a g e  d u r i n g  t h e  p e r i o d 5 
'.the s i g n  b e i n g  p l u s  f o r  a d e c r e a s e  i n  s t o r a g e  and minus f o r  an i n ­
c r e a s e .  A l l  t h e s e  q u a n t i t i e s  a r e  e x p r e s s e d  i n  t h e  d im e n s io n s  of  
i n c h e s  o r  m.m. d e p t h  c o v e r i n g  th e  d r a i n a g e  b a s i n .
Although  d u r i n g  t h e  y e a r ,  t h e r e  may be f l u c t u a t i o n s  amount ing  
t o  s e v e r a l  f e e t  o r  more i n  s t o r a g e  i n  t h e  b a s i n ,  the  o b s e rv e d  l e v e l  
on O c tobe r  1 o f  any y e a r  does  n o t  o r d i n a r i l y  d i f f e r  g r e a t l y  f rom the  
l o n g - t e r m  a v e ra g e  f o r  t h a t  d a t e  e x c e p t  a s  a r e s u l t  o f  u n n a t u r a l  
changes  o r  d eve lopm en ts  made w i t h i n  t h e  b a s i n .  Because o f  t h i s  
f a c t ,  t h e  a v e ra g e  annua l  w a t e r  l o s s  f o r  any p e r i o d  o f  5 y e a r s  o r  
l o n g e r ,  b e g i n n i n g  and e nd ing  w i t h  O c to b e r  1 ,  may be d e t e r m i n e d  
from e q u a t i o n  ( l ) ,  i g n o r i n g  A S .  I f  t h e  v a l u e s  o f  P and Q have
5
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been a c c u r a t e l y  d e t e r m i n e d  f o r  t h e  p e r i o d ,  t h e  a v e r a g e  a n n u a l  w a t e r  
l o s s  s h o u ld  be c o r r e c t  w i t h i n  no more than  2 i n c h e s .
I f  the  w a t e r  l o s s  f o r  a s i n g l e  y e a r  i s  d e t e r m i n e d  in  t h e  same 
m a n n e r ,  t h e  e r r o r  w i l l  be c o n s i d e r a b l y  g r e a t e r  d e p e n d in g  upon t h e  
v a l u e  o f  A S f o r  t h a t  y e a r .  Fo r  i n s t a n c e ,  i f  t h e  change in  ground 
w a t e r  l e v e l  f o r  t h e  y e a r  amounted to  l 8 i n c h e s  i n  a  s o i l  w i t h  an 
a v e r a g e  p o r o s i t y  o f  33 ^  1° } t h e  change  i n  s u b s u r f a c e  s t o r a g e  a lo n e  
would amount  t o  6 i n c h e s  w h ic h , a d d e d  t o  changes  i n  s u r f a c e  s t o r a g e ,  
would p r o b a b l y  g i v e  a t o t a l  v a l u e  f o r  A S o f  8 o r  10 i n c h e s .
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CHAPTER IV
COMPUTATIONAL PROCEDURE
( a )  S o u r c e s  o f  H y d r o lo g ic  D a ta
( 6 )As o f  J a n u a r y ,  19 0+ ,  o f f i c i a l  m e t e o r o l o g i c a l  ob­
s e r v a t i o n s  were  t a k e n  and r e c o r d e d  a t  some 2 , 2 J 0 w e a t h e r  r e p o r t i n g  
s t a t i o n s  i n  Canada .  Records  from t h e s e  s t a t i o n s  a r e  p u b l i s h e d  
m on th ly  and a r e  a v a i l a b l e  f rom th e  M e t e o r o l o g i c a l  Branch o f  the  
D epa r tm en t  o f  T r a n s p o r t ,  T o r o n t o ,  O n t a r i o .  Many o f  t h e s e  r e c o r d s  
a r e  now b e i n g  t r a n s f e r r e d  t o  punched c a r d s  f o r  u s e  i n  c om pu te r s .  
V a lue s  o f  mean month ly  t e m p e r a t u r e  and m on th ly  p r e c i p i t a t i o n  were 
t a k e n  from t h e s e  m onth ly  r e c o r d s  and used  i n  t h e  c o m p u t a t i o n s .
Records  o f  s t r e a m f lo w  and r u n o f f  a r e  g a t h e r e d  by t h e  Water  
R e s o u r c e s  Branch  o f  t h e  Depa r tm en t  o f  N o r t h e r n  A f f a i r s  and N a t i o n a l  
R e s o u r c e s  i n  c o o p e r a t i o n  w i t h  t h e  v a r i o u s  p r o v i n c e s .  These  r e c o r d s  
a r e  p u b l i s h e d  f o r  each  y e a r  i n  H s e p a r a t e  volumes r e p r e s e n t i n g  4 
s e p a r a t e  d r a i n a g e  a r e a s  o f  Canada:  P a c i f i c  D r a i n a g e ;  A r c t i c  and
W este rn  Hudson Bay Dra inage . ;  S t .  Lawrence and S o u t h e rn  Hudson Bay 
D r a i n a g e ,  and A t l a n t i c  D r a i n a g e .  These  p u b l i s h e d  f i g u r e s  may be 
o b t a i n e d  from t h e  Wate r  R e s o u r c e s  Branch ,  D epa r tm en t  o f  N o r t h e r n  
A f f a i r s  and N a t i o n a l  R e s o u r c e s ,  O t t a w a ,  O n t a r i o .
(b )  P r e p a r a t i o n  o f  Map
The map (Appendix  I ,  f i g u r e  l )  showing l i n e s  o f  mean annua l  
w a t e r  l o s s e s  h a s  been  based  as  f a r  a s  p o s s i b l e  on the  d i f f e r e n c e  
be tween  p r e c i p i t a t i o n  and r u n o f f  m easu rem en ts .  Not  a l l  r u n o f f  and
7
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p r e c i p i t a t i o n  r e c o r d s  cou ld  be used  f o r  t h i s  p u r p o s e ,  how ever . .  The 
p r im a r y  r e q u i r e m e n t s  were ( l )  t h a t  t h e  d r a i n a g e  a r e a  above th e  gag in g  
s t a t i o n  i n  q u e s t i o n  be known,  ( 2 ) t h a t  t h e  f low be n o t  m a t e r i a l l y  
a f f e c t e d  by d i v e r s i o n  o r  r e g u l a t i o n ,  ( 3 ) t h a t  t h e  a r e a  was a d e q u a t e l y  
r e p r e s e n t e d  by a p r e c i p i t a t i o n  ne tw ork  and ( h )  t h a t  t h e  r e c o r d s  were 
c o n t i n u o u s  f o r  t h e  p e r i o d  unde r  s tu d y .
Mean annua l  w a t e r  l o s s e s  were computed f o r  t h e  6 y e a r . . p e r io d  
from October  1 ,  1955; ho September  JO; 1961 . T h i s  p e r i o d  was chosen 
be c au s e  i t  r e p r e s e n t s  the  l a t e s t  p u b l i s h e d  f i g u r e s  a c r o s s  Canada 
and embodies  t h e  d e n s e s t  a v a i l a b l e  p r e c i p i t a t i o n  ne tw ork  in  C a n a d a ' s  
h i s t o r y .
The d r a i n a g e  b a s i n s  above each  gag ing  s t a t i o n  were  o u t l i n e d  on 
t r a c i n g  p a p e r  l a i d  over  Depar tm ent  o f  Mines and T e c h n i c a l  Surveys  
b a s e  maps o f  Canada.  ( S c a l e  1 : 1 , 0 0 0 , 0 0 0 ) .  The m e t e o r o l o g i c a l  n e t ­
work was t h en  p l o t t e d  on t h e  same p a p e r  and l i s t s  were made o f  t h e  
m e t e o r o l o g i c a l  s t a t i o n s  b e s t  r e p r e s e n t i n g  e a c h  d r a i n a g e  b a s i n .  The 
ba se  maps used  were t h o s e  showing d r a i n a g e  and to p o g ra phy .
I n  some c a s e s ,  where i t  was f e l t  t h a t  t h e  d r a i n a g e  b a s i n  i n ­
c lu d e d  w i d e ly  v a r y i n g  c l i m a t i c  c o n d i t i o n s  o r  where p a r t  o f  t h e  b a s i n  
was n o t  r e p r e s e n t e d  by m e t e o r o l o g i c a l  c o v e r a g e ,  o p p o r t u n i t y  was 
t ak e n  to  c a l c u l a t e  r u n o f f  f rom p a r t i a l  b a s i n  a r e a s  and t h u s  d e f i n e  
a r e a l  v a r i a t i o n s  in  r u n o f f  and l o s s e s  more c l o s e l y .
The f i n a l  map was t r a c e d  from U n i t e d  S t a t e s  A i r  F o rce  G loba l  
N a v i g a t i o n  and P l a n n i n g  C h a r t  (GNC-2N). The f i g u r e s  o f  mean annua l  
w a t e r  l o s s e s  were e n t e r e d  w i t h i n  t h e  b a s i n  o u t l i n e s  and the  l i n e s  of
8
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mean annua l  w a t e r  l o s s e s  were drawn t a k i n g  i n t o  a c c o u n t  t h e  g e n e r a l  
v a r i a t i o n  o f  l o s s e s  w i t h  p r e c i p i t a t i o n ,  w e ig h te d  t e m p e r a t u r e ,  and 
t e r r a i n .
On t h e  w h o le ,  l i t t l e  d i f f i c u l t y  was e x p e r i e n c e d  e a s t  o f  t h e  
R oc k ie s  i n  d e t e r m i n i n g  the  l o s s e s  b u t , i n  t h e  Rocky M oun ta ins  o f  
B r i t i s h  Columbia ,  i t  was found t h a t  i n  over  50$ o f  t h e  b a s i n s  t h e  
r e c o r d e d  r u n o f f  exceeded  th e  r e c o r d e d  p r e c i p i t a t i o n . T h e r e f o r e ,  
t h i s  a r e a  o f  Canada had to  be e l i m i n a t e d  from t h i s  s t u d y .  Not  
enough i n f o r m a t i o n  was a v a i l a b l e  t h r o u g h o u t  t h e  n o r t h e r n  p a r t  o f  
Canada to  o b t a i n  r e l i a b l e  r e s u l t s , s o  the  l i n e s  o f  mean a n n u a l  w a t e r  
l o s s e s  have been e s t i m a t e d  i n  t h i s  a r e a  from t h e  few v a l u e s  t h a t  
were  a v a i l a b l e  and a r e  p l o t t e d  on t h e  map as  dashed  l i n e s .
( c )  D a ta  and Com puta t io n  S h e e t s
The m e t e o r o l o g i c a l  d a t a  was c o l l e c t e d  on d a t a  s h e e t s  such 
a s ’ t h a t  shown i n  Appendix I ,  f i g u r e  5- V a lu e s  o f  m on th ly  t e m p e r a t u r e  
and p r e c i p i t a t i o n  were r e c o r d e d  whenever  p o s s i b l e  and m i s s i n g  v a l u e s  
were  r e p l a c e d  by b a s i n  a v e r a g e s .  The v a l u e s  o f  p r e c i p i t a t i o n  were 
t o t a l l e d  to  g i v e  an an n u a l  v a l u e ,  and t h e  mean w e ig h te d  t e m p e r a t u r e  
f o r  e a c h  y e a r  was d e t e r m i n e d  from t h e  e q u a t i o n ^   ^^
T  -  ^ ( T  X P)
W '
where  T^ i s  t h e  mean an n u a l  w e igh te d  t e m p e r a t u r e ,  T i s  t h e  mean 
t e m p e r a t u r e  f o r  t h e  month,  and P i s  t h e  t o t a l  p r e c i p i t a t i o n  f o r  
the  month.
9
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
O the r  columns were l e f t  f o r  p o s s i b l e  f u t u r e  s t u d i e s  i n  t h i s  
f i e l d  a l t h o u g h  i t  i s  p r o b a b l e  t h a t  most  f u t u r e  work would be more 
e a s i l y  done on a com pu te r .
On t h e  d a t a  s h e e t s  o f  t h e  type  shown i n  Appendix I ,  f i g u r e  4 ,  
t he  v a l u e s  o f  a n n u a l  r u n o f f ,  annua l  p r e c i p i t a t i o n ,  and mean annua l  
w e i g h te d  t e m p e r a t u r e  were  r e c o r d e d  f o r  e a c h  b a s i n  f o r  e a ch  o f  6 y e a r s  
from O c to b e r  1 ,  1955;  t0  September  JO, 1961 . These  v a l u e s  were t h e n  
a v e ra g e d  to  f i n d  mean a n n u a l  p r e c i p i t a t i o n  and r u n o f f  f o r  t h e  p e r i o d  
and t h e n  t h e  mean a n n u a l  w a t e r  l o s s e s  were d e t e r m i n e d  and r e c o r d e d  
as  t h e  d i f f e r e n c e  be tween  t h e s e  two v a l u e s .  Mean a nnua l  w e ig h te d  
t e m p e r a t u r e  f o r  t h e  p e r i o d  was a l s o  d e t e r m i n e d  and r e c o r d e d .  The 
m e t e o r o l o g i c a l  s t a t i o n s  u se d  i n  e a ch  b a s i n  were  l i s t e d  i n  t h e  upper  
r i g h t h a n d  c o r n e r  o p p o s i t e  t h e  name o f  t h e  r i v e r .  When a r u n o f f  
v a l u e  was a d j u s t e d  f o r  p a r t i a l  a r e a s ,  t h e  b a s i n s  which were  s u b t r a c t e d  
from t h e  r u n o f f  v a l u e s  a r e  shown l i s t e d  be low t h e  column headed  " y e a r "  
and t h e  c o r r e c t e d  d r a i n a g e  a r e a  i s  l i s t e d  b e s i d e  them. The c o r r e c t e d  
v a l u e s  o f  r u n o f f  a r e  shown above th e  s t r o k e d - o u t  v a l u e s .
A l i s t  o f  r e s u l t s  f o r  a l l  b a s i n s  i s  shown i n  Appendix I ,  T a b l e  1.
10
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-CHAPTER V
- DISCUSSION OF RESULTS
I t  was found t h a t  f o r  t h e  w a t e r  y e a r  1955-56 r u n o f f  exceeded  
p r e c i p i t a t i o n  in  most o f  t h e  P a c i f i c  D r a in a g e .  The r u n o f f  a n d / o r  
p r e c i p i t a t i o n  d a t a  i n  t h i s  a r e a  i s  o b v i o u s l y  ( s e e  Appendix I ,
T a b l e  2)  n o t  r e p r e s e n t a t i v e  and r e a s o n s  f o r  t h i s  a r e  d i s c u s s e d  \ 
u n d e r  t h e  h e a d in g  "Sources  o f  E r r o r " .  Th roughout  t h e  o t h e r  major  
d r a i n a g e s ,  f a i r l y  r e a s o n a b l e  r e s u l t s  were  o b t a i n e d  ( s e e  Appendix I ,  
T a b l e  l )  e x c e p t  i n  a r e a s  where t h e  p r e c i p i t a t i o n  ne tw ork  was s p a r s e .  
The most  r e l i a b l e  r e s u l t s  were  o b t a i n e d  t h r o u g h o u t  t h e  P r a i r i e s  
and O n t a r i o  and t h e s e  r e s u l t s  were s u b j e c t e d  t o  t h e  f o l l o w i n g  
a n a l y s i s .
The measured  v a l u e s  o f  mean an n u a l  w a t e r  l o s s e s  were  compared 
w i t h  t h e  r e s u l t s  a s  e x p e c t e d  from t h e  g r a p h ^ ^  i n  Appendix I ,  
f i g u r e  2 u s i n g  mean annua l  p r e c i p i t a t i o n  and mean annua l  w e ig h te d
( 7)t e m p e r a t u r e  t o  f i n d  th e  l o s s e s .  G r a p h i c a l  c o r r e l a t i o n  i s  shown
i n  Appendix I ,  f i g u r e  2 .  The a v e r a g e s  o f  groups  o f  v a l u e s  w i t h i n
c e r t a i n  a b s c i s s a  r a n g e s  were t ak e n  and p l o t t e d  i n  b l o c k s  a s  i n  t h e
f i g u r e  2 .  The l i n e  o f  T = t 3 ° F .  was then  p l o t t e d  t o  f i t  t h e s e  °  w
p o i n t s  and t h e  e s t i m a t e  i s  obs e rv e d  t o  f o l l o w  q u i t e  w e l l  the  
o r i g i n a l  l i n e s  i n  b o th  d i r e c t i o n ; 1, and p o s i t i o n .
A n u m e r i c a l  a n a l y s i s  was a l s o  c a r r i e d  ou t  o n t h e s e  d a t a .  The 
measured  r e s u l t s  were c o r r e l a t e d  w i t h  t h e  g r a p h i c a l  r e s u l t s  y i e l d i n g  
a c o r r e l a t i c n c o e f f i c i e n t  o f  O.926  f o r  b-7 o b s e r v a t i o n s .  T h i s  com­
p a r i s o n  i s  shown g r a p h i c a l l y  i n  Appendix I ,  f i g u r e  5«
11
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I t  a p p e a r s , t h e n ,  t h a t  r e a s o n a b l e  c o r r e l a t i o n  e x i s t s  and t h a t  
the  g raph  i n  Appendix I ,  f i g u r e  2 ,  may be used to  e s t i m a t e  a c t u a l  
mean annua l  e v a p o - t r a n s p i r a t i o n  in  t h e  P r a i r i e s  and O n t a r i o  w i t h  a 
r e a s o n a b l e  d e g r e e  o f  a c c u r a c y .
The r e m a in i n g  p o r t i o n  o f  e a s t e r n  Canada i s  i n f l u e n c e d  by 
m ounta inous  r e g i o n s  and c o a s t a l  c l i m a t e s  and u n t i l  more r e ­
p r e s e n t a t i v e  d a t a  i s  o b t a i n e d  f o r  t h e s e  w a t e r s h e d s ,  no a c c u r a t e  
c o r r e l a t i o n - c a n  be made.
12
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CHAPTER V I
FACTORS AFFECTING ACTUAL EVAPO-TRANSPIRATION LOSSES
A c t u a l  e v a p o - t r a n s p i r a t i o n  l o s s e s  a r e  d e p e n d en t  upon many 
f a c t o r s ,  the  most  i m p o r t a n t  o f  which a r e  a s  f o l l o w s :
( a )  R a d i a t i o n
Energy  i s  consumed in  t h e  e v a p o - t r a n s p i r a t i o n  p r o c e s s  and 
t h e  u l t i m a t e  s o u r c e  o f  t h i s  e n e r g y  i s  t h e  s u n ' s  r a d i a t i o n .  T h e r e ­
f o r e ,  t h e  r a t e  o f  e v a p o - t r a n s p i r a t i b o n  varie<s d i r e c t l y  w i t h  t h e  
amount  o f  s o l a r  r a d i a t i o n .
(b )  D a y l i g h t  Hours
T r a n s p i r a t i o n  v i r t u a l l y  c e a s e s  a t  n i g h t  and t h e r e f o r e  t h e  
amount o f  e v a p o - t r a n s p i r a t i o n  i s  d e p e n d e n t  on th e  p e r c e n t a g e  o f  da y ­
l i g h t  h o u r s .
( c )  T e m p e ra tu re
As w i t h  r a d i a t i o n ,  t e m p e r a t u r e  i s  c onc e rne d  w i t h  e n e rg y  
and i s  i n  f a c t  a measure  o f  the  amount o f  e n e rg y  a v a i l a b l e .  T hus ,  
t h e  h i g h e r  t h e  t e m p e r a t u r e ,  the  more e n e rg y  a v a i l a b l e  and ,  t h e r e f o r e  
t h e  h i g h e r  t h e  p o t e n t i a l  r a t e  o f  e v a p o - t r a n s p i r a t i o n .
( d )  Wind
Wind a c t s  as a t r a n s p o r t i n g  a g e n t  f o r  w a t e r  v a p o r .  I t  ha s  
a r e l a t i v e l y  minor  e f f e c t  on th e  t o t a l  amount o f  e v a p o - t r a n s p i r a t i o n '  
bu t  due to  i n c r e a s e d  t u r b u l e n c e ,  i t  may i n c r e a s e  the  r a t e  f o r  a 
s h o r t  t im e .
Id
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| ( e )  H um id i ty
> S i n c e  w a t e r  v a p o r  i n  t h e  a i r  moves tow a rds  p o i n t s  o f
J lower  m o i s t u r e  c o n t e n t , t h e  h u m i d i t y  g r a d i e n t  i s  t h e r e f o r e  o f
Ii
im p o r t a n c e  i n  d e t e r m i n i n g  t h e  r a t e  o f  e v a p o - t r a n s p i r a t i o n .
|
( f )  P r e c i p i t a t i o n
P r e c i p i t a t i o n  L im i t s  t h e  amount o f  m o i s t u r e  a v a i l a b l e  
f o r  e v a p o - t r a n s p i r a t i o n  and t h u s  t h e  a c t u a l  l o s s e s  may be l e s s  
th an  t h e  p o t e n t i a l  l o s s e s .
( g )  Type o f  V e g e t a t i o n
D i f f e r e n t  t y p e s  o f  v e g e t a t i o n  u s e  d i f f e r e n t  amounts  o f  
w a t e r  i n  p l a n t  deve lopm en t  and t r a n s p i r e  w a t e r  a t  d i f f e r e n t  r a t e s .  
The s t r u c t u r e  o f  t h e  p l a n t  ( i . e .  t h e  h e i g h t  and amount o f  s u r f a c e  
a r e a )  i s  a l s o  i m p o r t a n t  i n  d e t e r m i n i n g  how much o f  t h e  p r e c i p i t a t i o n  
w i l l  be i n t e r c e p t e d  and e v a p o r a t e d  d u r i n g  a r a i n f a l l .
I k
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CHAPTER V I I
SOURCES OF ERROR
( a )  S t ream f low  Records
S t a g e - d i s c h a r g e  r e l a t i o n s  a r e  u s u a l l y  e s t a b l i s h e d  a t  a l l  
g a g ing  s t a t i o n s .  T h i s  r e l a t i o n s h i p  can be s u b j e c t  t o  c o n s i d e r a b l e  
e r r o r  under  c e r t a i n  c o n d i t i o n s  e i t h e r  be c a u s e  o f  u n s t e a d y  f low  or  
v a r i a b l e  b ackw a te r  c o n d i t i o n s  due to  cha nne l  o b s t r u c t i o n s .  The 
e q u a t i o n  o f  f low i s  Q = V A where Q i s  t h e  r a t e  o f  f lo w  i n  c u b ic  
f e e t  p e r  s e c o n d ,  V i s  the  v e l o c i t y  i n  f e e t  p e r  s e co n d ,  and A i s  t h e  
c r o s s - s e c t i o n a l  a r e a  i n  squa re  f e e t .  I f  t h e r e  i s  no i c e  or  a q u a t i c  
growth  a t  t h e  g a g ing  s i t e ,  t h e  a r e a  i s  r e l a t e d  to  t h e  s t a g e  b u t  i f  
t h e  s t a t i o n  i s  s u b j e c t e d  to  i c e  o r  a q u a t i c  g r o w th ,  t h e  s t a g e - a r e a  
r e l a t i o n s h i p  w i l l  v a r y  w i t h  t h e  t ime  o f  y e a r  and c a n n o t  be depended  
on f o r  a c c u r a t e  r e s u l t s .  V e l o c i t y  V i s  r e l a t e d  to  s l o p e  a s  w e l l  as 
d e p th  and t h e r e f o r e  t h e  s t r e a m f lo w  Q i s  s u b j e c t  t o  e r r o r  d ependen t  
on t h e  change in  s lo p e  o f  t h e  w a t e r  s u r f a c e .
/Q\
Gaging s t a t i o n s  shou ld  a lways  be l o c a t e d  on a b a c k w a te r  
p r o f i l e  u p s t r e a m  o f  a p o i n t  o f  c r i t i c a l  v e l o c i t y  ( w e i r  o r  l ed g e  o f  
r o c k )  c a l l e d  a " s t a t i o n  c o n t r o l 1.' .'.In- o t h e r  c a s e s ,  i t  i s  governed  
bv t h e  c h a n n e l  f e a t u r e s  such as  s h a p e ,  s l o p e  and f r i c t i o n a l  r e ­
s i s t a n c e ,  known as  " ch a n n e l  c o n t r o l " .
A c o n t r o l  i s  s a i d  to  be "permanen t"  i f  w i t h  s t e a d y  f low and 
no submergence ( i . e .  no b ackw a te r  from downs t ream ) ,  t h e r e  i s  a f i x e d
15
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s t a g e - d i s c h a r g e  r e l a t i o n .  I f  t h e  c o n t r o l  i s  s u b j e c t  to  s c o u r  
o r  f i l l  o f  t h e  c h a n n e l  bo t to m ,  i t  i s  c a l l e d  a " s h i f t i n g  c o n t r o l " .
V a r io u s  f a c t o r s  may t e m pora r i ly  d e s t r o y  th e  s t a g e - d i s c h a r g e  
r e l a t i o n s h i p  a t  a  s t a t i o n  c o n t r o l . unde r  s t e a d y  f lo w  c o n d i t i o n s .
The c o n t r o l  may become submerged by b ackw a te r  f rom d i s c h a r g i n g  
t r i b u t a r i e s  downstream o r  t h e  c o n t r o l  may become c logged  w i t h  i c e  
o r  d e b r i s .  Measurements  o f  s t a g e  unde r  e i t h e r  o f  t h e s e  c o n d i t i o n s  
would tend  to  o v e r e s t i m a t e  d i s c h a r g e  as  d e t e r m i n e d  from th e  
e s t a b l i s h e d  s t a g e - d i s c h a r g e  r e l a t i o n s h i p .
(81Loop r a t i n g s  have o f t e n  been found to  occur  unde r  c o n d i t i o n s  
o f  chang ing  r a t e  o f  d i s c h a r g e .  D ur ing  i n c r e a s i n g  d i s c h a r g e ,  t h e  
v a l u e s  w i l l  p l o t  t o  t h e  r i g h t ,  and f o r  f a l l i n g  s t a g e s  t o  t h e  l e f t  
o f  the  normal  s t e a d y - f l o w  s t a g e - d i s c h a r g e  c u r v e .  T h i s  loop  r a t i n g  
can be caused  e i t h e r  by change  i n  s t o r a g e  be tween  th e  c o n t r o l  and 
t h e  ga g e ,  o r  by v a r i a b l e  s l o p e s  a t  c o n s t a n t  s t a g e  d u r i n g  t h e  
p a s s a g e  o f  a f l o o d  wave.
Flow over  some s o r t  o f  pe rm anen t  s t a t i o n  c o n t r o l  where f low  
i s  r e l a t e d  to  d i s c h a r g e  a lo n e  i s  most  d e s i r a b l e  and e l i m i n a t e s  
e r r o r s  due t o  c h a ng ing  s l o p e .  These  pe rm anen t  c o n t r o l s  a r e  u s u a l l y  
h a rd  t o  f i n d  and u s u a l l y  must  be c r e a t e d  by i n s t a l l a t i o n  o f  a  low 
l e v e l  w e i r  o r  dam a t  c o n s i d e r a b l e  e x p e n se .
For  each  g a g in g  s t a t i o n  l i s t e d  i n  t h e  r e c o r d s ,  t h e r e  i s  a 
c o r r e s p o n d i n g  d r a i n a g e  a r e a  g iv en  f o r  t h e  b a s i n .  These  a r e a s  have 
been s u b j e c t  t o  some r e v i s i o n  and sometimes have been r e v i s e d  by 
a s  much as  10$. Any e r r o r  i n  t h e  d r a i n a g e  a r e a  i s  r e f l e c t e d  i n  the
L O
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r u n o f f  v a l u e s  and t h u s  a f f e c t s  t h e  e s t i m a t e  o f  w a t e r  l o s s e s .
W ate rshed  l e a k a g e  i s  n o r m a l l y  o f  l i t t l e  s i g n i f i c a n c e  e x c e p t  
p e r h a p s  i n  m ou n ta in o u s  a r e a s  where t h e  ge o logy  may be such t h a t  
w a t e r  i n f i l t r a t i n g  t h e  ground  i n  one b a s i n  may f o l l o w  t h e  s t r a t a  
and a p p e a r  as  r u n o f f  i n  an a d j o i n i n g  b a s i n .  T h i s  i s  v e r y  h a r d  to  
d e t e c t  u n l e s s  a d e q u a t e  v a l u e s  o f  mean a r e a l  p r e c i p i t a t i o n  and 
r u n o f f  a r e  a v a i l a b l e  f o r  a d j o i n i n g  b a s i n s .
/ q j
The a c c u r a c y ^  o f  s t r e a m f l o w  d a t a  depends  on ( l )  t h e  s t a b i l i t y  
o f  t h e  s t a g e - d i s c h a r g e  r e l a t i o n ,  o r  i f  t h e  c o n t r o l  i s  u n s t a b l e ,  t h e  
f r e q u e n c y  o f  d i s c h a r g e  m e a s u r e m e n ts ,  and ( 2 ) the  a c c u r a c y  o f  ob ­
s e r v a t i o n s  o f  s t a g e ,  m easu rem en ts  o f  r a t e  o£ d i s c h a r g e  and i n ­
t e r p r e t a t i o n  o f  r e c o r d s .
I n  o r d e r  t o  g i v e  some i n d i c a t i o n  o f  t h e  q u a l i t y  o f  t h e  
c u r r e n t l y  p u b l i s h e d  r e c o r d s  i n  Canada ,  t h e  p r o b a b l e  a c c u r a c y  o f  
t h e  d a i l y  r e c o r d  i s  i n d i c a t e d  i n  t h e  d e s c r i p t i o n  o f  t h e  s t a t i o n  
u n d e r  "Remarks" as  " e x c e l l e n t " ,  " good" ,  " f a i r " ,  o r  " p o o r " .  The 
r e c o r d s  o f  y e a r l y  s t r e a m f l o w  a r e ,  i n  g e n e r a l ,  more a c c u r a t e  than  
th e  d a i l y  r e c o r d s .  I n  t h i s  s t u d y ,  o n l y  v a l u e s  o f  y e a r l y  r u n o f f  
were  u s e d  and t h e  s t a t i o n s  marked " poo r"  were  n o t  c o n s i d e r e d .
( b )  M eteo ro lo gdoar l  O b s e r v a t i o n s  
( i )  P r e c i p i t a t i o n
I n  the^ C a n a d ian  M e t e o r o l o g i c a l  B ra nc h ,  
r a i n f a l l  i s  m easured  i n  a  r a i n  gauge which has  a c r o s s - s e c t i o n a l  
a r e a  o f  10 s q u a r e  i n c h e s ,  w h i l e  s n o w f a l l  i s  t aken  a s  t h e  d e p t h  o f
17
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f r e s h l y  f a l l e n  snow (measu red  w i t h  a r u l e r )  i n  an a r e a  f r e e  f rom ' 
d r i f t i n g .  P r e c i p i t a t i o n  i s  t a k e n  t o  be t h e  r a i n f a l l  p l u s  one -  
t e n t h  t h e  s n o w f a l l .  The r a i n f a l l  e q u i v a l e n t  o f  s n o w f a l l  v a r i e s  
w i t h  t h e  d e n s i t y  o f  t h e  snow b u t  i s  a b o u t  o n e - t e n t h  on t h e  
a v e r a g e .
I n  many a r e a s  o f  Canada ,  t h e  p r e c i p i t a t i o n  n e tw o rk  i s  n o t  
dense  enough and f o r  v a r i o u s  r e a s o n s  c a n n o t  be used a s  r e ­
p r e s e n t a t i v e  o f  t h e  d r a i n a g e  b a s i n .  The most  s e r i o u s ^ e r r o r s  
o c c u r  i n  t h e  m o u n ta inous  r e g i o n s  o f  B r i t i s h  Columbia.  I n  t h i s  
a r e a ,  most  o f  t h e  c l i m a t o l o g i c a l  s t a t i o n s  a r e  l o c a t e d  in. t h e  i n ­
habited v a l le y  f lo o rs  and vei'y few are located on the mountain
( 7 )t o p s .  S i n c e  l i f t i n g  o f  a i r  m asses  a c c o u n t s  f o r  a lm o s t  a l l  
p r e c i p i t a t i o n  i n  m oun ta inous  t o p o g r a p h y ,  amounts  and f r e q u e n c y  
a r e  g e n e r a l l y  g r e a t e r  on t h e  windward s i d e  o f  m oun ta in  b a r r i e r s .  
C o n v e r s e l y ,  s i n c e  downslope m ot ion  o f  a i r  r e s u l t s  i n  d e c r e a s e d  
r e l a t i v e  h u m i d i t y ,  t h e  l e e  s i d e s  o f  b a r r i e r s  u s u a l l y  e x p e r i e n c e  
r e l a t i v e l y  l i g h t  p r e c i p i t a t i o n .
The v a r i a t i o n  i n  p r e c i p i t a t i o n  w i t h  t o p o g r a p h i c  f e a t u r e s  
i s  q u i t e  v a r i e d  and p r e s e n t s  g r e a t  d i f f i c u l t i e s  i n  e s t a b l i s h i n g  
a  r e p r e s e n t a t i v e  n e tw ork  to  d e f i n e  mean a r e a l  p r e c i p i t a t i o n .
As m en t ioned  e a r l i e r ,  due t o  l a c k  o f  c o r r e l a t i o n  be tw een  
p r e c i p i t a t i o n  and s t r e a m f lo w  in  B r i t i s h  Co lumbia ,  no a t t e m p t  was 
made to  e s t i m a t e  t h e  mean annua l  w a t e r  l o s s e s  i n  t h i s  a r e a .
18
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' ( i i )  T e m pera tu re
T e m p e r a t u r e s ^ ^  i n  Canada a r e  obs e rv e d  
a t  a  h e i g h t  o f  a b o u t  k f e e t  above the  ground in  a s t a n d a r d  l o u v re d  
s c r e e n  which p r o t e c t s  them from t h e  e f f e c t  o f  r a d i a t i o n .
Va lues  o f  t e m p e r a t u r e  a r e  more un i fo rm  than  p r e c i p i t a t i o n
and t h e r e f o r e  t h e  t e m p e r a t u r e  ne tw ork  need  n o t  be as  g r e a t .  In
t h e  m oun ta in ous  r e g i o n s ,  h ow e ve r , t h e  t e m p e r a t u r e  e x p e r i e n c e s
a l a p s e  r a t e  o f  a bou t  -  5 - ^ °F .  p e r  1000 f e e t  r i s e  i n  e l e v a t i o n
i n  d r y  a d i a b a t i c  c o n d i t i o n s  and a bou t  - 3 *0°F.  p e r  1000 f e e t  r i s e
(19)i n  e l e v a t i o n  i n  s a t u r a t e d  a d i a b a t i c  c o n d i t i o n s .  The a v e r a g e  * '  
l a p s e  r a t e  i s  c o n s i d e r e d  to  be a b o u t  -  3 -3° F '  p e r  1000 f e e t  r i s e  
i n  e l e v a t i o n .  T h i s ,  t h e r e f o r e ,  i l l u s t r a t e s  the  need f o r  more 
t e m p e r a t u r e  r e a d i n g s  a t  h i g h e r  e l e v a t i o n s  t o  f i n d  the  mean b a s i n  
t e m p e r a t u r e .
19
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CHAPTER V I I I
CONCLUSIONS
V a lu e s  o f  mean a n n u a l  e v a p o - t r a n s p i r a t i o n  l o s s e s  were d e ­
t e r m in e d  f o r  a s  many b a s i n s  a s  p o s s i b l e  i n  Canada u s i n g  the  w a t e r  
budge t  e q u a t i o n .  The v a l u e s  were t h e n  compared w i t h  t h e  l o s s e s  
p r e d i c t e d  by t h e  g raph  i n  Appendix I ,  f i g u r e  2 ,  u s i n g  t h e  mean 
a n n u a l  w e ig h te d  p r e c i p i t a t i o n  and mean a n n u a l  w e i g h te d  t e m p e r a t u r e .  
S a t i s f a c t o r y  c o r r e l a t i o n  was found f o r  t h e  P r a i r i e s  and O n t a r i o  
and i t  i s  f e l t  t h a t  f i g u r e  2 may be used  w i t h  a  r e a s o n a b l e  d e g re e  
o f  a c c u r a c y  i n  t h o s e  r e g i o n s .
I t  was o b s e rv e d  t h a t  t h e  d a t a  In  t h e  m oun ta inous  r e g i o n s  
o f  Canada i s  n o t  r e p r e s e n t a t i v e  and i t  i s  recommended t h a t  e f f o r t s  
be made t o  c o o r d i n a t e  and improve  t h e  work i n  t h e s e  a r e a s .  One 
method o f  a c c o m p l i s h in g  t h i s  g o a l  would be t o  have  one agency 
r e s p o n s i b l e  f o r  b o t h  m e t e o r o l o g i c a l  o b s e r v a t i o n s  and s t r e a m f lo w  
o b s e r v a t i o n s .  The n e tw o rk  c o u ld  t h e n  be b e t t e r  and more 
e f f i c i e n t l y  o r g a n i z e d  t o  g i v e  r e p r e s e n t a t i v e  v a l u e s  o f  r u n o f f  and 
p r e c i p i t a t i o n .  Such m e r g in g  o f  e f f o r t  o c c u r r e d  inssom e European  
c o u n t r i e s  a f t e r  World War I I  un d e r  t h e  t i t l e  o f  H y d r o - M e t e o r o l o g ic a l  
I n s t i t u t e s .  I n  v i ew  o f  some o f  t h e  r e c e n t  p r o p o s a l s  f o r  w a te r  
d eve lo pm en t  i n  N o r t h  America  ( i . e .  N o r t h  American Wate r  and PowEr 
A l l i a n c e .  NAWAPA), i t  i s  becoming  more i m p o r t a n t  t h a t  Canada know 
more a c c u r a t e l y  t h e  e x t e n t  and n a t u r e  o f  i t s  w a t e r  r e s o u r c e s .
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More t ime and money sho u ld  be d i r e c t e d  towards  im prov ing  th e  
ne tw o rk  i n  t h e  s p a r s e l y  p o p u l a t e d  r e g i o n s  o f  Canada t o  g a t h e r  
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TABLE 1 R e s u l t s  o f  C o m p u ta t io n s  1 9 5 5 - 6 l .
S t a t i o n  No. P r e c i p i t a t i o n  
( i n c h e s )
Losses
(m easu red '
L o s s e s  ( l )  
( f rom g raph )
Tw
( F . )
P a c i f i c
9AH-L 1 6 .5 7 6 .3 3 9 - 2 2 8 .8
A r c t i c  and Vt e s t e m  Hudson Bay
7SAj 12.61 8 .3 7 7 . 0  ■ 26 .8
7SB3 12.61 9 .00 7 - 0 2 6 .8
7BEl 1 9 .64 16 .13 1 5 .8 4 3 .6
6e a 2 1 6 .93 12.86 1 3 .7 4 0 .3
6ao6 1 7 .2 7 14.63 14 .6 44 .1
5PBU 2 8 .8 9 2 1 .2 3 19 .1 4 2 .7
5QA: 50 .26 20.38 18 .3 4 0 .5
5QD6 26 .09 l 8 . 4 l 18.5 ^ 3 -3
50D! 19-59 17.02 16.2 4 6 . 3
5OF6 19 .59 18 .24 16.2 4 6 . 5
50E1 19 .59 17 .36 16.2 4 6 .3
5MJ1 14 .35 13.92 12.9 4 4 .6
5°h6 19 .59 17.30 16.2 4 6 . 3
5LMX 1 7 .0 8 15.82 14 .1 4 2 . 4
5KJX 14 .12 11.90 12 .5 4 2 . 8
5A° 8 3 4 .0 2 16.05 17 .5 5 8 .7
5GG1 15 .04 14.58 15.1 4 4 .3
S t .  Lawrence and S o u t h e r n  Hudson Bav
ItGBj f 2AD. 3 0 .0 3 18 .97 17 .1 38 .6
*” 2 0 2 9 .2 7 16.91 17 .0 3 8 .6
U C2 33 .19
20.91 16.9 38.1
W c , 3 3 .19 19 .48 16.9 38.1
lfJ A2 3 3 .19 17.19 16.9 38.1
1+LG1 31.26 16.65 18.0 3 9 . 7
1|ME2 3 0 .9 7 13.89 18.3 4 0 . 4
2AB6 3 1 .0 4 21 .32 19.0 4 1 . 4
2BD 3 3 .1 7 17.66 18.0 59-6
2BD3 3 3 .0 6 15.88 16.9 38.0
2BE2 3 3 .9 8 16.95 18.5 4 0 .3
23
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TABLE 1 ( c o n t i n u e d )
S t a t i o n  No. P r e c i p i t a t i o n  
( i n c h e s )
L o s s e s
(m e a s u re d )
L o s s e s  ( l )  
( f rom g ra p h )
Tw
( F . )
2CC
7
30 .4 0 17 .31 18 .8 4 1 .2
2CE1 30.88 18 .2 7 19 .8 4 5 .5
2DDU 3 5 .9 4 18.88 2 0 .5 4 3 . 6
2DB_
A
32 .07 17 .9 2 2 0 .2 4 4 . 2
3 9 .9 6 2 1 .0 5 1 9 .7 4 1 . 6
2ECzt 32.38 2 1 .4 9 2 1 .2 4 5 . 83
2ED
3 31 .99
2 2 . 5 3 2 1 .8 47 .0
2FC1 37 .38 22 .00 2 1 .0 4 4 . 1
2FElf 33.81 I 8 .6 3 2 0 .3 4 3 . 7
2FF2 4 1 .4 8 2 8 . 7 4 2 1 .8 4 4 .9
2GG2 35 .0 3 2 1 . 3 7 2 1 .0 4 4 . 5
2GE5 3 3 .9 0 20 .71 2 2 .0 4 6 . 9
2 GB1 34 .99 22 .62 2 2 .0 4 6 .1
2HB2 50 .95 2 0 .0 3 2 1 .2 4 6 .9
2HC5 29 .28 21 .37 2 0 .8 4 6 .5
2HD2 33 .3 8 15.50 21 .0 4 5 .1
2HK2 32.61 21 .26 20 .5 4 4 . 3
2HLX 3 4 .7 0 22 .56 21 .2 4 5 . 2
2HM 3 3 .8 7 21 .60 2 0 .7 4 4 . 3
2JE 12 37 .66 18.35 19 .1
4 l . l
2KB 35 M 21 .43 2 0 .8 43 .9
2KE^ 3 0 .4 3 18.29 20 .0 4 4 . 3
2KF 28.62 18.51 — —
2LA2 30 .99 21 .63 2 0 .5 4 4 .9
2LH8 38.70 17 .87
r<"\
OOJ 4 2 .9
2LF2 43 .20 2 2 .4 7 1 9 .7 4 1 . 6
2LD 38 .1 4 20 .7 8 19 .9 4 2 .1X
2LB5 33.28 24.61 2 1 .5 4 4 .5
2LC7 38.11 13.61 19 .8 4 1 .9
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TABLE 1 ( c o n t i n u e d )
S t a t i o n  No P r e c i p i t a t i o n  
( i n c h e s )
L o s s e s
(measu red )
L o s s e s  ( l )  
( f rom g raph)
Tw
( F . )
2LC8 43 .41 19.90 2 0 .3 4 2 . 8
20A1 54 .15 20 .13 19.8 4 2 . 4
20B2 36.63 16 .2 4 19 .9  • 4 2 .2
20C2 32 .64 11.60 — . —
20F2 4 1 .02 19 .2 3 19 .5 4 1 . 6
2NGX 38.23 17.80 19.0 4 0 . 6
2PA 38.80 13 .70 18.5 39-9
2PB2 48 .39 14.29 19 .0 4 0 . 8
2P J ? 38.66 15.18 19 .1 4 l . o
2PE][ 38 .87 8 .9 2 18.3 39 -6
2PH1 4 2 .20 13 .50 20 .1 4 2 . 6
2PG2 36.21 12.35 19 .4 4 1 .5
2PG1 39 .89 18 . 81. 15.8 5 6 .9
2RH2 36 .19 6 .42 19.1 4 l . l
2QAX 35-48 15 .13 17.8 38 .9
2QA2 32 .41 15 .83 16.9 38.1
2QA4 39.11 11-79 14 .6 5 5 .2
2QC1 37-13 10.79 16 .4 3.7.2
i b h 2 34 .33 9 .6 5 15 .7 36.1
A t l a n t i c
30E1 31.61 5 . 4 l 13-1 33 .1
2YM1 3 4 .18 7 .1 5 17 .9 39-1
2Y0 X 38.09 12.96 17 .0 58 .0
1BE1 40.89 20 .27 17 .9 3 9 .0
1BJ1 35 .32 7 . 1 3 1.8 .0 39-2
1BK5 37 .50 13 .49 18 .4 39-8
1BP1 40 .20 11.15 18.0 39 .2
i a d 2 38.55 16.55 18 .4 39 -7
122172
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TABLE 1 ( c o n t i n u e d )
S t a t i o n  No. P r e c i p i t a t i o n  
( i n c h e s )
Losses
(measured)
L o s s e s  ( l )  
( f rom g raph)
Tw
( F . )
i a f 2 39-52 19 .44 18 .5 59-9
1AJ 3 9 .9 8 18.21 19.2 40 .9
iak£ 31.91 10.71 18 .7 4 0 . 7
1AD5 3 2 .83 14.20 16.6 37-7
1AH^ 4 0 .7 2 18.05 19.0 4 0 . 7
1AK^ 4 0 .8 3 12.70 18.0 39-3
1AQX 5 2 .2 7 13.52 17.0 38 .4
i a q 2 ^ 5 .7 0 14.14 18.0 3 9 .3
i a r 4 4 4 .49 20.80 17 .4 38 .6
1AR 4 5 .2 6 18.83 18.8 4 0 .2
1AD 3 6 .70 16.11 17.0 38 .4
1E0 4 9 .5 3 11 .57 18.1 3 9 .4
1EK 4 6 .32 7 .5 3 19.2 4 0 .9
i e h 5 55 .52 20 .06 18.1 39 .4
1EF 4 8 .0 4 12.10 19 .3 4 l . o
1EE 52.23 16.58 19 .9 4 1 . 8
1EE1 5 3 .5 6 14 .86
20 .0 4 2 .1
1ED5 52.38 16.96 20 .0 42 .1
1EC 52.68 11.01 19.2 4 1 .2
1EA5 51 .70 13 .59 — —
lDG^ 5 2 .3 0 13.65 2 0 .0 4 2 . 0
lFB^ 54 .19 14 .47 19 .9 4 1 .8
1FH 48 .25 8 .72 2 0 .2 4 2 . 6
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TABLE 2 R e s u l t s  o f  C om pu ta t ions  f o r  P a c i f i c  D r a i n a g e  1955
S t a t i o n P r e c i p i t a t i o n  
( i n c h e s )
R unof f  
( i n c h e s )
L o s s e s  
( i n c h e s )
8hal 7^ -5 6 5 8 .6 9 15 .8 7
8ha2 .  9 ^ .2 6 1 0 4 . 6 l -  5-35
8HV
116.05 1 4 7 .1 7 - 5 1 . 1 4
a % 19-41 17 .29 2 .1 2
8na2 21 .5 6 2 2 .7 5 - 1-39
an>u 50 .68 4 4 . 0 4 - 1 3 . 3 6
8nd6 4 8 .0 0 4 6 . 8 0 1.20
50.82 55 .82 -  5 .00
SNA 19 .64 52 .89 - 1 3 .2 5
8NE 3 5 .^ 7 65.61 - 5 0 . 1 4
Sne8 4 8 .7 7 39-21 9 . 5 6
6NE77
2 5 .9 5 2 6 .6 8 - 0 . 7 3
8ng5j
8NG
8NGk2
18 .64 2 5 .7 9 -  7 . 1 5
16.78 11 .51 , 5 . 2 7
50 .56 1 5 .3 3 15 .0 5
m o . 2 l 27 .15
2 6 . 2 4 0 .9 1
m \ 6 21 .51
4 2 .4 5 - 20 .92
8NGa 33-21 3^ .75 -  1.5J+
8nk5 54 .41 2 8 . 1 4 6 .2 7
emlk
8s h o , o6
2 5 .7 9 21 .45 4 .5 4
54.06 2 6 . 2 4 7 .8 2
8nh0 .3 2
20 .25 40 .2 5 - 20 .0 0
a ™ * 2 3 . 9 ^ 4 6 .8 1 - 2 2 .8 7
8NH 3 2 . 9 ^ 60 .00 - 2 7 .O0
8nh
8 n j i1(
3 2 . 9 ^ , 5 1 .1 6 - 18.22
4 1 .5 7 if 3 - 3 7 - - 1.80
8N J i 5
8np
50 .2 4 3 6 .7 7 -  6 . 5 3
54 .41 35.  ^ 5 -  1:04
8ke71i
8NE
59
8nm50
2 8 .8 7 38 .65 -  9 . 7 6
30.34 2 4 .52 6 .0 2
16.19 4 . 2 0 n-99
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TABLE 2  ( c o n t i n u e d )
S t a t i o n  No. P r e c i p i t a t i o n  
( i n c h e s )
Runof f  
( i n c h e s )
L o s s e s  
( I n c h e s )
8NL? 3 0 .5 7 27 .80 2 . 7 7
8n l 2U 2*9 .6 7 22*. 76 22*. 91
8n l 4 2*3 .6 5 13 .55 30 .0 8
8mh5o
6 2 . 12* 2*1.73 2 0 . 1*1
8MH20 56 .68 2*3-79 12 .89
8ka7 22*. 35 32*. 27 -  9 . 9 2
8KAU 28 .32 2 7 .1 5 1 . 1 7
8k b i 2 5 . 9^ 27 .60 -  1 .6 6
8kd^  • 32.19 12*.22 1 7 .9 7
8JB2 15.12 2*.07 11.05
SJB^ 1 5 .0 3 3-55 11 . 2*8
8j e x 17 .95 7 .88 10.07
8kh 1 27 .50 23 .18 2*.32
6l f 5 i
8l a x
2 1 . 2 7 2 5 .1 9 -  3 . 9 2
18 . 82* 22*.03 -  5 . 1 9
8LE20 13 .35 3 .9 8 9 - 3 7
■8 e c 19 19 .9 ^
22 .80 -  2 .8 6
8l d 1 3 0 .1 3 20 .1 3 10.00
8mg 6 5 .6 7 68.01 -  2 . 32*
15
29 .608MH.n 6 0 .7 5 31.1529
2 .6 08MH1 72 .90 70.30
8mh58
8 m k l
121.01 156.05 - 3 5 . 02*
128.68 175 . 92* -2*7.26
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F i g .  3 D a t a  and C om puta t ion  S h e e t .
S t a t i o n  — London ( a )  
L a t .  N . ------------ 2+3°  02
L o n g .  W . ------------8 i °  09
E l e v . ----------------- 912
Month
81
Year
Mean
Temp.
m
Mean 
Dew Pt.
(°F.)
Daily
Sun
(hrs.)
Mean 
Solar Rad.
(langleys)
Precip.
(in.)
1955-56
Oct. 51 .5 5 .32
Nov. 55 a 3.61
Dec. 2 3 .2 5 . 6 k
Jan. 2 2 .7 1 .33
Fob. 2 3 .6 2 .6 2
Mar. 28 .1 2 .6 6
Apr. i n . 3 b . y b
May 52 .0 b . 2 5
June 6 5 .2 2 . 3 1
Jul.y 6 7 . k 5 .3 9
Aug. 6 7 .7 5 - ^ 9
Sept. 56 .5 2 . 5 9
X , ^ 7 -8
^ 3-75
1956-57
Oct. 5 2 .3 1.21
Nov. 36 . k 3 .^ 8
Dec. 5 1 .  '■ 2 .6 6
Jan. l b . b 2 . 1+8
Feb. 2 5 0 2 .L9
Mar. i
CO 
1 1 .96
Apr. L6 .5 3 .10
M ay 5 3 .8 2 .8 7
June 6 6 . 1+ 1+.52
July 6 3 .9 2 .2 8
Aug. u 5 . 0 2 .2 7 1
Sept. 60 .2 it. 61tIt
1
! 1. n -<
33 -93
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
F i g .  k  D a t a  and Computat ion  S h e e t .
R l V E R  — — — ------- • —  — —  —  Tham es
S t a t i o n  N o . ---------------------------------------- 2gev
3
D r a i n a g e  A r e a  ( s q . m i . ) ---------
P r o s p e c t  H i l l
S t r a t f o r d
Woodstock
F u l l a r t o n  
G l e n c o e  
Lambeth
London (A) _
Ridge town 
M o u n t o r y d g e s  T a l b o t v i l l e
Y e a r R u n o f f
( in .)
P r e c ip
(in.)
L o s s e s
(in.)
T„
(°K)
1 9 5 4 -5 5
1955- 56 18.10 44 .32 47 .1
1 9 5 6 - 5 7 12.45 31+ .81+ 4 8 . 6
1957-58 10.51 31.15 4 7 .8
1953-59 1 2 .57 3 3 .9 8 4 4 .0
1 9 5 9 -6 0 17.89 36.70 4 3 .5
1960-61 7 .62 32 .43 5 0 . 3
1 9 6 1 -6 2
Ave. 13 .19 3 3 .90 20.71 1*6 .9
R i v e r  -------------------------------------------------
S t a t i o n  N o . -------------------------------------
D r a i n a g e  A r e a  ( s q . m i . ) ---------
Y e a r R u n o f f
( in .)
P r e c ir
(in.)
L o s s e s
(in.) (°E ) 1
1 9 5 4 -5 5 1 1
1 9 5 5 -5 6
1 9 5 6 - 5 7
1957-58
1953 -59
*
1 9 5 9 -GO 11
1960-61' 1
1 9 6 1 -6 2 l
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F i g u r e  5 Comparison o f  computed and e s t i m a t e d  ave ra ge  
an n u a l  e v a p o - t r a n s p i r a t i o n  l o s s e s .
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METHODS OF ESTIMATING POTENTIAL EVAPO-TRANSPIRATIONt
P o t e n t i a l  e v a p o - t r a n s p i r a t i o n  i s  t h a t  wh ich w i l l  o c c u r  when th e  
s u p p ly  o f  m o i s t u r e  i s  n o t  l i m i t i n g .
Many methods  have been de v e lo p e d  t o  e s t i m a t e  p o t e n t i a l  eva po -  
t r a n s p i r a t i o n .  I n  t h e  f o l l o w i n g ,  seven o f  t h e  more common methods 
a r e  used  t o  e s t i m a t e  t h e  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  f o r  t h e  d r a i n ­
age b a s i n  above s t a t i o n  2GE on t h e  Thames R i v e r  i n  s o u t h w e s t e r n
3
O n t a r i o .  Appendix I I ,  f i g u r e  1 , shows t h e  b a s i n  o u t l i n e  and l o c a t e s  
t h e  p r i n c i p a l  c l i m a t o l o g i c a l  s t a t i o n s  used  i n  t h e  s t u d y .  The 
l a t i t u d e  i s  t a k e n  a s  43°N. f o r  u se  i n  t h e  c o m p u t a t i o n s .
( i )  Lowry-Johnson M e th o d ^ ^ ^ ^
T h i s  method i s  u sed  t o  e s t i m a t e  c o n s u m p t iv e  u s e  f o r  
a g r i c u l t u r e  b a s e d  on a l i n e a r  r e l a t i o n s h i p  be tw een  " E f f e c t i v e  h e a t "  
( t h e  a c c u m u l a t i o n ,  i n  day d e g r e e s ,  o f  maximum d a i l y  g rowing  s e as o n  
t e m p e r a t u r e  above 3 2 ° F . )  and c onsum pt ive  u s e .
The a p p ro x im a te  r e l a t i o n s h i p  U = 0.8  + O . I 5 6  F i s  u sed  where 
U = Consumptive  u s e  i n  a c r e - f e e t  p e r  a c r e ;
F = E f f e c t i v e  h e a t  i n  t h o u s a n d s  o f  day d e g r e e s .
( 13)The mean an n u a l  maximum t e m p e r a t u r e  a t  London,  O n t a r i o ,  i s
a b o u t  5^°F .  T h u s ,  t h e  e f f e c t i v e  h e a t  would be ( 5^ - 32)365 = 8030°F.  
T h e r e f o r e ,  t h e  a v e ra g e  c onsum pt ive  use  f o r  t h e  b a s i n  i s
u = 0 . 8  + 0 .1 5 6  (8030)
= 2 .0 5 3  f e e t  
= 2k.6b  i n c h e s
35
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( i i )  T h o r n t h w a i t e  M e t h o d ^
Monthly v a l u e s  o f  h e a t  i n d e x  a r e  r e l a t e d  to  m on th ly  
t e m p e r a t u r e s  by t h e  e q u a t i o n  i  =, where t  i s  t h e  monthly
t e m p e r a t u r e  i n  °C. T h i s  r e l a t i o n s h i p  i s  used to  d e t e r m i n e  th e  
s e a s o n a l  h e a t  in d ex  v a l u e  I  shown i n  Appendix I I ,  T a b l e  2 . T h i s  
v a l u e  o f  56 .51  was p l o t t e d  on th e  nomograph o f  Appendix I I ,  f i g u r e  2 .
A s t r a i g h t  l i n e  drawn from t h e  " In d e x  p o i n t "  th ro u g h  t h i s  "Hea t  in d e x  
p o i n t "  g i v e s  t h e  r e l a t i o n s h i p  be tween  t e m p e r a t u r e  and e v a p o - t r a n s ­
p i r a t i o n  f o r  t h e  b a s i n .  The u n c o r r e c t e d  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  
( e )  i s  l i s t e d  i n  f i f t h  column o f  T a b l e  2 . T h i s  p o t e n t i a l  i s  c o r r e c t e d  
f o r  s u n l i g h t  and days o f  t h e  month from Appendix I I ,  T a b l e  1 , u s i n g  
a l a t i t u d e  o f  a p p r o x i m a t e ly  45°N. The c o r r e c t e d  v a l u e  o f  E i s  
them l i s t e d  i n  t h e  s e v e n t h  column o f  Appendix I I ,  T a b l e  2 , and t h e  
t o t a l  f o r  t h e  y e a r  i s  found t o  be 6 l -55 cm* o r  24.19 i n c h e s .
( i i i )  B laney  -  C r i d d l e  M e t h o d ^ ^ ^ ' ^
The B l a n e y - C r i d d l e  method c o r r e l a t e s  measured  consumpt ive
u s e  o f  w a t e r  d a t a  w i t h  monthly t e m p e r a t u r e s  ( t ) ,  m onth ly  p e r c e n t a g e
o f  d a y - t i m e  h o u r s  ( p ) ,  and the  c r o p ' s  g rowing  p e r i o d  o r  i r r i g a t i o n
s e a s o n .  The c o e f f i c i e n t s  so d e v e lo p e d  f o r  d i f f e r e n t  c ro p s  ( s e e
Appendix I I ,  T a b l e  4) a r e  used t o  t r a n s l a t e  o r  t r a n s p o s e  consumpt ive
u s e  d a t a  from one l o c a t i o n  to  o t h e r s  i n  which c l i m a t o l o g i c a l  d a t a
a l o n e  a r e  a v a i l a b l e .
The e q u a t i o n  used  by B l a n e y - C r i d d l e  i s :
U = K F
where  U i s  the  consum pt iv e  u s e  o f  w a t e r  by t h e  c rop  in
i n c h e s  f o r  any p e r i o d
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K i s  t h e  e m p i r i c a l  c onsum pt ive  u s e  c o e f f i c i e n t  
( s e e  Appendix I I ,  T a b l e  4 )
F i s  t h e  sum o f  t h e  m on th ly  comsumptive u s e  f a c t o r s ,
( t  x pi)
100
where t  i s  mean monthly;  t e m p e r a t u r e  i n  °F.  and
p i s  t h e  m on th ly  p e r c e n t a g e  o f  d a y - t i m e  h o u r s  o f  t h e  y e a r  
( s e e  Appendix I I ,  T a b l e  5 > f o r  v a l u e s  o f  p ) .
The a v e ra g e  annua l  p o t e n t i a l  consum pt iv e  u s e  f o r  t h e  Thames 
v a l l e y  above s t a t i o n  2GE^ i s  computed i n  Appendix I I ,  T a b l e  3 ,  to  
be O.7O x Jjh.SO = 2 ^ .2 2  i n c h e s  when u s i n g  an a v e ra g e  s e a s o n a l  c o ­
e f f i c i e n t  (K) o f  O.7O f o r  t h e  6 month g rowing  p e r i o d  o f  May 1 t o  
O c to b e r  31.
( i v )  H a r g re a v e s  Method^
Consumptive  u s e  f o r  a s p e c i f i c  c rop  i s  assumed to  v a r y  
w i t h  t h e  c onsum pt ive  u s e  p o t e n t i a l  arid can  be e x p r e s s e d  a s :
U = K E  = £ k e
i n  which U i s  t h e  consum pt iv e  u s e  o f  a  c rop  f o r  a g iv e n  p e r i o d ;  E 
i s  t h e  sum o f  t h e  m on th ly  e v a p o r a t i o n  f o r  t h e  p e r i o d ;  and K i s  an 
e m p i r i c a l  c o e f f i c i e n t  d e p e n d in g  upon th e  i n d i v i d u a l  c rop  grown.
Monthly v a l u e s  o f  e v a p o r a t i o n  and c rop  c o e f f i c i e n t s  a r e  r e p r e s e n t e d  
by e and k r e s p e c t i v e l y  where e i s  e s t i m a t e d  by t h e  e q u a t i o n  
e = d (O .3 8  -  O.OO38 h ) ( t - 32) 
i n  which d i s  t h e  m on th ly  d a y - t i m e  c o e f f i c i e n t  ( s e e  Appendix I I ,
T a b l e  7 ) d e p e n d e n t  upon l a t i t u d e ;  h i s  t h e  mean month ly  r e l a t i v e  
h u m id i ty  a t  noon^ ; and t  i s  t h e  mean m on th ly  t e m p e r a t u r e  i n  °F .
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C om pu ta t ions  o f  consum pt ive  u s e  by H a r g re a v e s  method a r e  
i l l u s t r a t e d  i n  Appendix I I } T a b l e  6 ,  u s i n g  m on th ly  v a l u e s  o f  k f o r  
a l f a l f a  f rom Appendix  I I ,  T a b l e  8 .  T o t a l  y e a r l y  l o s s e s  by t h i s  
method a r e  e s t i m a t e d  t o  be 2 3 . 8 3  i n c h e s .
( v )  Penman Method^
The f o l l o w i n g  t h r e e  f o rm u la s  a r e  used  by Penman i n  e s ­
t i m a t i n g  e v a p o - t r a n s p i r a t i o n :
1. H = Ra ( 1 - r ) ( 0 . 18 + O.55 n/N) - S T ^  ( 0 . 56  -  O.O92 J Z  )
( 0.10  + 0.90 n/N)
2 . Ea = O.35 ( e a -  e d ) ( l  + O.OO98
3 . ’.:E = A H -  0.27  E
L  c l
A -  0.27
w h e r e :
H =‘ D a i l y  h e a t  b u d g e t  a t  s u r f a c e  i n  mm. H^O/uay
R = Mean m on th ly  e x t r a  t e r r e s t r i a l  r a d i a t i o n  i n  mm.
H20/ d a y
r  = R e f l e c t i o n  c o e f f i c i e n t  o f  s u r f a c e
n = A c tu a l  d u r a t i o n  o f  b r i g h t  s u n s h i n e
N = Maximum p o s s i b l e  d u r a t i o n  o f  b r i g h t  s u n s h i n e
6  = Bol tzman c o n s t a n t  = 2.01 x 10 ^mm./day
^ T  ^ = mm. H 0/ d a y  ( s e e  Appendix I I ; T a b l e  9 )
e^ = S a t u r a t i o n  va p o u r  p r e s s u r e  a t  mean dew p o i n t  ( i . e .  
a c t u a l  va pou r  p r e s s u r e  i n  t h e  a i r )  m m . H g
E = E v a p o r a t i o n  i n  (mm.) H 0/ d a y
c l  ^
d
A = ——  in  mm. Hg/°F .  
d t
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e = S a t u r a t i o n  vapour  p r e s s u r e  a t  mean a i r  t e m p e r a t u r e  
i n  mm. H
g
Pg = Me:-.:; wind speed  a t  2 m e t e r s  above th e  ground
( r a i i e s / d a y ) .  Windsmeasurements  a t  o t h e r  h e i g h t s  
can be c o n v e r t e d  t o  2 m e t e r s  by use o f  t h e  
fo rm u la
/ l o g  6 . 6  . , .
^2  = ^1  X ^-----    ) where p 1 i s  the
lo g  h
m easu red  wind speed  i n  m i l e s  p e r  day a t  h e i g h t  
h in  f e e t .
E^ , = E v a p o - t r a n s p i r a t i o n  i n  mm. H^O/day
The c o m p u t a t i o n s  f o r  t h e  Thames v a l l e y  a r e  shown i n  Appendix I I ,  
T a b l e  11. From t h i s  c o m p u t a t i o n ,  t h e  annua l  p o t e n t i a l  e vapo-  
t r a n s p i r a t i o n  i s  shown t o  be 19.7^- i n c h e s  which  a p p e a r s  to  be some­
what  low when compared w i t h  t h e  o t h e r  methods o f  e s t i m a t i n g  and 
w i t h  t h e  a c t u a l  m easu red  e v a p o - t r a n s p i r a t i o n  o f  2 0 .71  i n c h e s .
( v i )  J e n s e n  and H a i s e  M e t h o d ^ ^
Us ing  an e n e r g y  b a l a n c e  a p p r o a c h ,  t h i s  method c o r r e l a t e s
E
( rr—  ) w i t h  T i n  t h e  e q u a t i o n  
R — s P
E
( ^ -  ) = o.oiU T -  0 . 3 7
Rs P
where E^ = p o t e n t i a l  e v a p o - t r a n s p i r a t i o n ,  i n c h e s / d a y
Rs = s o l a r  r a d i a t i o n ,  i n c h e s / d a y
„  . o„T = mean a i r  t e m p e r a t u r e ,  F.
Where v a l u e s  o f  s o l a r  r a d i a t i o n  a r e  n o t  r e c o r d e d  th ey  may be 
e s t i m a t e d  by t h e  e q u a t i o n
R = r  ( 0 . 3 5  + 0 .6 1 5 )  s so ^
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where R^ = s o l a r  r a d i a t i o n  u n d e r  e x i s t i n g  c o n d i t i o n s  
R = s o l a r  r a d i a t i o n  on c l o u d l e s s  d a y s .
S O  /(.see Appendix I I , T a b l e  13)
S = f r a c t i o n  o f  p o s s i b l e  s u n s h in e  f o r  t ime p e r i o d .
An example o f  t h i s  method i s  g i v e n  i n  Appendix I I , T a b l e  12, 
f o r  t h e  Thames R i v e r ,  O n t a r i o .  The mean a n n u a l  e v a p o - t r a n s p i r a t i o n  
i s  computed to  be 2 9 .6 5  i n c h e s .
( v i i )  Hamon M e t h o d ^ ^
Hamon h a s  f o r m u l a t e d  a s im p le  c o m p u t a t i o n a l  p r o c e d u r e  
whereby a v e ra g e  d a i l y  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  i s  r e p r e s e n t e d  
as  p r o p o r t i o n a l  t o  t h e  p r o d u c t  o f  d a y - t i m e  h o u r s  sq u a re d  and th e  
s a t u r a t e d  w a t e r  vapour  c o n c e n t r a t i o n  a t  t h e  mean t e m p e r a t u r e .  The 
d a y - t i m e  f a c t o r  was d e te r m in e d  from a c o n s i d e r a t i o n  o f  t h e  d i s p a r i t y  
be tween  n e t  r a d i a t i o n  and t e m p e r a t u r e ,  l a t i t u d i n a l l y , and t h e  f a c t  
t h a t  t r a n s p i r a t i o n  i s  r e s t r i c t e d  d u r i n g  d a r k n e s s  s i n c e  t h e  l e a f  
s t o m a t a  a r e  c l o s e d .
The e x p r e s s i o n  f o r  a v e ra g e  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  i s :
P . E . = C D2 P t
i n  which P . E . r e p r e s e n t s  t h e  a v e ra g e  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n
i n  i n c h e s  p e r  day j  D i s  t h e  p o s s i b l e  h o u r s  o f  s u n s h in e  i n  u n i t s  o f
12 h o u r s  ( s e e  Appendix I I ,  T a b l e  l ) j  P i s  t h e  s a t u r a t e d  w a t e r
vapour  d e n s i t y  a t  t h e  d a i l y  mean t e m p e r a t u r e  i n  grams p e r  c u b ic  
_2
m e t e r ,  t im es  IQ ( s e e  Appendix I I ,  f i g u r e  5 ) ;  and C = 0-55
kO
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Appendix  I I ,  T a b l e  l i r ,  i l l u s t r a t e s  t h e  u s e  o f  t h i s  method
f o r  e s t i m a t i n g  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  i n  t h e  Thames R i v e r
v a l l e y  above s t a t i o n  2GE . The t o t a l  y e a r l y  v a l u e  i s  e s t i m a t e d
5
t o  be 22 . OT i n c h e s .
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SUMMARY
S i n c e  i t  i s  i m p r a c t i c a l  t o  m easu re  consum pt iv e  w a t e r
r e q u i r e m e n t s  o f  c ro p s  unde r  a l l  c o n d i t i o n s  o f  c l i m a t e ,  s o i l ,  
w a t e r  s u p p l y ,  and management p r a c t i c e  a t  a l l  l o c a t i o n s ,  v a r i o u s  
methods have  been  d e v i s e d ,  u t i l i z i n g  c l i m a t i c  f a c t o r s  t o  e s t i m a t e  
e v a p o - t r a n s p i r a t i o n  unde r  a g i v e n  s e t  o f  c o n d i t i o n s .  The methods 
o u t l i n e d  i n  t h i s  a ppe nd ix  a r e  i n  g e n e r a l  a g re e m e n t  w i t h  each  
o t h e r  e x c e p t  f o r  t h e  Penman method w h ich  t e n d s  t o  g i v e  a  low 
v a l u e  f o r  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n .
METHOD ANNUAL AVERAGE POTENTIAL EVAPO-TRANS.
( i )  Lowry-Johnson  2b .6k  i n c h e s
( i i )  T h o r n t h w a i t e  24.19 i n c h e s
( i i i ) B l a n e y - C r i d d l e  24.22 i n c h e s
( i v )  H a r g r e a v e s  2 3 .8 3  i n c h e s
( v )  Penman 19-74 i n c h e s
( v i )  J e n s e n  and H a i s e  2 9 .6 5  i n c h e s
(v i i )H am on  2 2 .0 1  i n c h e s
A c t u a l  Measured Losses  = 20 .71  i n c h e s
E s t i m a t e s  o f  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  a r e  becoming 
v i t a l l y  i m p o r t a n t  i n  many p a r t s  o f  Canada and p a r t i c u l a r l y  in  
th e  P r a i r i e  P r o v i n c e s  where many l a r g e  s c a l e  i r r i g a t i o n  p r o j e c t s  
a r e  b e i n g  d e v e lo p e d .  Methods such a s  t h o s e  o u t l i n e d  i n  Appendix I I  
a r e  u s e f u l  i n  p r e d i c t i n g  t h e  amount o f  e v a p o - t r a n s p i r a t i o n  on 
i r r i g a t e d  l a n d  b e f o r e  t h e  i r r i g a t i o n  p r o j e c t  i s  a c t u a l l y  u n d e r ­
t a k e n .
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F i g u r e  2 Nomograph f o r  c o m p u t in g  m o n th l y
e v a p o - t r a n s p i r a t i o n .  ( T h o r n t h w a i t e  Method)
50
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In d e x
p o i n t
"Heat  
" I n d e x "
1 .0 - ^ - 2 ' .  0“  5— 10- 15-
P o t e n t i a l  m on th ly  e v . a p o - t r a n s p i r a t i o n  ( e )  - cm.
TABLE 1
Mean p o s s i b l e  d u r a t i o n  o f  s u n l i g h t  i n  t h e  n o r t h e r n  
and s o u t h e r n  h e m i s p h e r e s  e x p r e s s e d  i n  u n i t s  o f  
50 d a y s  o f  12 h o u r s  e a c h .
N-
L a t , J F K  A M J J  A s  0 N D
0 1 . 0 4 .9 4 1 .0 4  1 .0 1 1 . 0 4  1 .0 1 1 .0 4  1 .0 4 1 .0 1  1 .0 4 1 .0 1  1 .0 4
10 1 . 0 0 .9 1 1 . 0 3  1 .0 3 1 .0 8  1 .0 6 1 .0 8  1 . 0 7 1 .0 2  1 .0 2 .9 8  .9 9
20 .9 5 .9 0 1 . 0 3  1 .0 5 1 . 1 3  1 .1 1 1 . 1 4  1 .1 1 1 .0 2  1 .0 0 .9 3  .9 4
30 .9 0 .8 7 1 . 0 3  1 .0 8 1 . 1 8  1 .1 7 1 . 2 0  1 .1 4 1 .0 3  .9 8 .8 9  ,8 8
35 .87 .8 5 . 1 . 0 3  1 .0 9 1 .2 1  1 .2 1 1 . 2 3  1 .1 6 1 .0 3  .9 7 .6 6  .8 5
4 0 .8 4 .8 3 1 .0 3  1 .1 1 1 . 2 4  1 .2 5 1 .2 7  1 .1 8 1 .0 4  .9 6 .8 3  .8 1
45 .8 0 .8 1 1 . 0 2  1 .1 3 1 .2 8  1 .2 9 1 .3 1  1 .2 1 1 . 0 4  .9 4 . 7 9  .7 5
50 .7 4 .7 8 1 . 0 2  ■ 1 .1 5 1 . 3 3  1 .3 6 1 .3 7  1 .2 5 1 .0 6  .9 2 .7 6  .7 0
TABLE 2 C a l c u l a t i o n s ( T h o r n t h w a i t e  Method)
Month i e m p e r a t u r e Hea t  I n d e x  ( e ) S u n l i g h t E fF . c . / \ C o e f f .I cm. ) ( cm. )
j 19.7 - 6 . 8
F 22.1* - 5.3 — _ .
M 2 9 . 0 - 1.7 — _
A Jt3.5 6.1* 1.1*5 2 . 9 l . l i * 3.31M 33 . ^ 11.9 3.71 5 . 6 1.31 7 . 3^J b 3.3 17. l* 6 . 5 0 8 . 6 1.33 11. kbJ bY.9 19.9 8 .0 5 1 0 .0 1.35 13 .50A 67.3 19.7 8 . 0 0 1 0 .0 1 .2 3 12 .30S 6 0 . 9 16 .1 5 .6 0 8 . 0 I .O 5 8.«*o0 ^9 .7 9.0 2 . 7 6 b . 6 O.93 U.28N 37.2 2.9 0.1*1* 1.3 O.77 0 . 9 6D 2 5 . 0 - 3.9 —
TOTAL. - 3 6 . 3 1 TOTAL =•61.53 cm.
2 b . 19 i n .
TABLE 3 C a l c u l a t i o n s  ( B l a n e y - C r i d d l e  M eth o d )
Month Daytime h o u r s  
( p )
T e m p era tu re
( t ) ° F .
f= tx p
-100
J 6.55 19.7  . _
F 6 .6 3 22.4 —
M 8.3O 29.0 —
' A 9.03 ^3-5 —
M 10.20 53 -^ 5 .^ 5
J 10.30 63 .3 6 .52
J 10.42 67.9 7 .08
A 9 .6 6 67.5 6.52
S 8.41 60.9 5.12
0 7 .66 ^9-7 3.81
N 6 .55 37.2 —
D 6 .30 25 .0
i TOTAL =34.60
TABLE 4  Normal s e a s o n a l  c o n s u m p t iv e - u s e  c o e f f i c i e n t s
Item  ■ L ength o f  growing 
season  o r p e r io d
Consumptive u se  
c o e f f ic ie n ts  
S easonal (K)
Maximum. Monthly 1 / 
(k)
. A l f a lf a  . f r o s t - f r e e 0.35 0.95 -  1.25
Beans 3 months 0.55 0.75 -  0.85
Corn 4 months 0.75 0.80 -  1.20
C otton 7 months 0.70 0.75 -  1.10
C itru s  o rch ard 7 months 0.60 0_65 -  0.75
Deciduous o rch ard f r o s t - f r e e 0.65 0.70 -  0.95
P a s tu re ,  g r a s s ,  hay
annuals f r o s t - f r e e 0.75 0.85 -  1.15
P o ta to e s 3 months 0.70 0.85 -  1.00
R ice 3 to  4 months 1 .00 1.10 -  1.30
Sm all g ra in s 3 months 0.75 0.85 -  1.00
Sorghum 5 months 0.70 0 .85  -  1.10
Sugar b e e ts months 0.70 0 .85  -  1.00
U  Dependent upon moan m onthly tem p era tu re  and s ta g e  o f growth o f  c ro p .
TABLE 5 Mon th ly  p e r c e n t a g e  o f  d a y t im e  h o u r s  o f  t h e  y e a r .
Month 24 26 28 30
L a ti tu d e s  in  Degrees N orth o f  E quator 
32 34 36 38 40 42 44 46 48 50
Ja n u a ry 7 .58 7 .49 7.40 7.30 7 .20 7.10 6.99 ' 6.87 6.76 6.62 6.49 6.33 6.17 5.98
F eb ru ary 7 .17 7.12 7.07 7.03 6 .97 6.91 6 .8 6 6.79 6.73 6.65 6.58 6.50 6.42 6.32
March 8 .40 8.40 8.39 8.38 8 .37 8.36 8.35 8.34 8.33 8.31 8.30 8.29 8.27 8.25
A p ril 8 .60 8.64 8 .68 8.72 8.75 8.80 8.B5 8.90 8.95 9.00 9.05- 9.12 9.18 9.25
May 9.30 9.38 9.45 9.53 9.63 9.72 9.81 9.92 1 0 .02 10.14 10.26 10.39 10.53 10.69
June 9.20 9.30 9.38 9.49 9.60 9.70 9.83 9.95 10.08 10.21 10.38 10.54 10.71 10.93
J u ly 9.41 . 9 .49 9.58 9.67 9.77 9.88 9.99 1 0 .1 0 10 .22 10.35 10.49 10.64 10.80 10.99
August 9.05 9.10 - 9.16 9.22 9.28 9 .33 9.40 9.47 9.54 9.62 9.70 9.79 9.89 10.00
Septem ber 8 .31 8.31 8.32 8.34 8.34 • 8 .36 8.36 8.38 8.38 8.40 8.41 8.42 8.44 8.44
O ctober e . 0 9 8.06 8 .0 2 7.99 7.93 7.90 7.85 7 .80 7.75 7.70 7.63 7.58 7.51 7.43
November 7 .43 7.36 7 .27 7.19 7.11 7.02 6.92 6 .82 6.72 6.62 6.49 6.36 5 .22 6.07
December 7 .45 7.35 7 .27 7.14 7.05 6 .92 6.79 6 .6 6 6.52 6.38 6 .22 6.04 5.86 5.55
Annual 100 .00 100 .00 1 0 0 .0 0 1 00 .00 100 .00 1 00 .00 100.00 100 .00 100.00 100.00 106.00 100.00 100 .00 100.00
its
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TABLE 6
C a l c u l a t i o n s  ( H a r g r e a v e s  Method)
Month T e m p era tu re
°F.
H um id i ty  
( h )  %
( c )
A
( d )  ' e ( k ) ( k e )  
( i n . )
J 19.7 82 0 . 0 8 O.79 _ —
F 22.4 79 0 . 1 0 0 . 8 0 — — —
M 2 9 . 0 • 70 0 . 1 3 1 .0 0 — — —
A 43-5 61 0 . 1 7 1 .0 9 2 . 1 3 0 .7 0 1. 1*9
M 53 A 61 0 . 1 7 1 .2 2 4.44 0 .64 2.84
J 8 3 . 3 61 0 . 1 7 1.24 6 . 6 0 0 . 6 7 4.42
J 67.9 58 0 . 1 8 1 .2 5 8 . 0 8 0.7k 5.98
A 67.5 58 0 . 1 8 1 . 1 6 7.41 0 . 6 7 4 . 9 6
S 60 .9 62 0 . 1 6 1.01 4 . 6 7 0.64 2.99
0 ^9.7 65 0 .1 5 0 . 9 2 2.44 0.40 0 . 9 8
N 37.2 77 0 . 1 0 0 . 7 8 0 . 4 l 0 . 4l 0 . 1 7
D 2 5 . 0 80 0 .0 9 0 . 7 6
& C = O.38 - 0 . 0038h TOTAL = 2 3 .8 3  i n .
TABLE 7 
C a l c u l a t e d  m on th ly  d a y t im e  c o e f f i c i e n t s ,  ( d )  f o r  H a r g re a v e s  Formula .
North 
L a titu d e  in  
Degrees
Jan u a ry February March A p ril Kay June Ju ly August September October November December
5 1 .0 1 0.91 1 .02 0.99 1.03 1 .00 1 .03 1.03 0.98 1 .02 0.98 1 .00
10 0.28 0.89 ‘ 1 .02 1 .0 1 1.05 1.03 ■ 1.06 1.05 0.99 1.00 0.95 0.97
15 0.96 0 .88 1 .01 1 .0 1 1.08 1.06 1.08 1.06 0.99 0.99 0.93 0.95
20 0.93 0.87 1 .01 1 .0 2 • 1 .10 1.08 1 .11 1.08 0.99 0.98 0.91 0.92
25 0.91 0 .86 1 .01 1.03 1 .1 2 1 .11 1.13 .1 .09 1 .00 0.97 0.89 0.89
30 0 .88 0.84 1 .00 1.05 1.14 1.14 1.16 1 .11 1 .00 0.96 0 .86 0.86
35 0.85 0.83 1 .00 1.06 1.17 1.17 1.19 1 .12 1 .00 0.94 0.84 0.82
40 0.81 0.81 1 .00 1.08 1 .20 •1 .21 1.23 1.14 1 .01 0.93 0.81 0.78
45 0 .77 0.79 0.99 1.09 1.24 1.26 1.27 1.17 1 .01 0.91 0.77 0.74
50 0 .72 0.76 0.99 1 .11 1.28 1.32 1.32 1 .20 1 .0 1 0.89 0.73 0 .68
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TABLE 8
C onsum pt ive -u se  c o e f f i c i e n t s  f o r  u s e  i n  t h e  H a r g re a v e s  Formula .
CROP M arch A p r i l
MONTHLY CONSUMPTIVE USE COEFFICIENTS 
May J u n o  J u l y  A u g .
"fc"
S e p t . O c t . N o v . SEASONAL
COEFFICIENT
A l f a l f a 0 .4 1 0 .7 0 0 .6 4 0 .6 7 0 .7 4 0 .6 7 0 .6 4 0 .4 0 0 .4 1 C .5 9
A lm onds 0 .1 6 0 .3 6 0 .3 4 0 .5 2 0 .4 8 0 .3 4 0 .2 9 0 .4 8 0 .2 1 0 .3 5
A s p a r a g u s 0 .1 6 0 .1 1 0 .1 2 0 .1 8 0 .4 6 0 .8 1 0 .8 4 0 .9 9 0 .5 1 0 .4 6
B e a n s  (L im a 0 .4 1 0 .5 1 0 .6 1 0 .3 2 0 .4 6
B e a n s 0 .1 5 0 .2 8 0 .6 6 0 .5 1 0 .4 0
C a n ta lo u p e o 0.*24 0 .3 1 0 .3 7 0 .6 1 0 .3 8 0 .4 8
C a r r o t s 0 .1 6 0 .1 8 0 .1 9 0 .5 2 0 .6 4 0 .2 8 0 .3 3
C e l e r y 0 .1 5 0 .1 4 0 .2 5 0 ,4 5 0 .7 0 0 .6 5 0 .4 2
C itr v io 0 .4 1 0 .3 6 0 .4 4 0 .4 3 0 .4 4 0 .4 1 0 ,4 1 0 .6 4 0 .4 1 0 .4 4
C o rn 0 .1 2 0 .3 8 0 .4 2 0 .2 6 0 .1 0 0 .2 6
F r u i t  ( d e c i d u o u s ) 0 .1 4 0 .4 5 0 .4 9 0 .7 4 0 .7 1 0 .5 5 0 .4 3 0 .3 6 0 .4 8
G r a in  so rg h u m s 0 .0 7 0 .3 0 0 .3 9 0 .3 0 0 .1 5 0 .2 4
G r a in  a n d  K ay 0 .5 0 0 .7 5 0 .5 8 0 .1 2 0 .4 9
G r a p e s  (M u s c a t) 0 .1 3 0 .2 4 0 .2 6 0 .3 1 0 .2 6 0 .2 6 0 .1 8 0 .2 3  •
H ops 0 .0 7 0 .1 2 0 .3 1 0 .6 1 0 .6 1 C .3 8 0 .3 5
L a d in o  C lo v o r 0 .5 0 C .8 1 0 ,5 5 0 .7 7  . 0 .6 3 0 .7 6 0 .7 0 0 .4 4 0 .6 7
O n io n s  ( e a r l y ) 0 .2 6 0 .4 5 . 0 .3 0 0 .3 4
O n io n s  ( l a t e ) 0 .2 3 0 .4 5 0 .3 0 0 .3 1 0 .2 8 0 .3 2
P a s t u r e 0 .1 1 0 . 4  5 0 .2 9 0 .3 3 0 .3 1 0 .3 2 0 .3 2 0 .2 2  ' 0 .1 4 0 .2 5
P e a c h e s 0 .2 2 0 .4 5 0 .4 3 0 .4 6 0 .5 1 0 .5 1 0 .3 8 0 .6 0 0 .4 1 0 .4 4
P e a s 0 .2 8 0 .3 6 0 .4 9 0 .3 1 0 .3 6
P o t a t o e s  ( e a r l y ) 0 .5 5 0 .7 2 0 .7 3 0 .6 2 0 .6 6
P r u n e s 0 .1 7 0 .3 4 0 .3 4 0 .5 0 0 .4 8 0 .3 2 0 .4 2 0 .4 8 0 .2 4 0 .3 7
R i c e 0 .3 2 1 .3 4 1 .4 2 1 .4 0 1 .4 4 0 ,5 1 1 .0 7
S u d a n  G r a s s 0 .2 4 0 .3 3 0 .3 7 0 .3 5 0 .2 8 0 .2 4 0 .3 0
S u g a r  B o o ts 0 . 1 9 0 .2 7 0 .5 5 0 .8 7 0 .6 9 0 .3 6 0 .1 5 0 .1 0 0 .0 3 0 .3 6
T o m a to e s 0 .3 2 0 .4 1 0 .7 1 0 167 0 .8 1 0 .5 8
W a ln u ts 0 .3 6 0 .4 3 0 .5 7 0 .6 7 0 .6 3 0 .2 6 0 .3 6 0 .2 4 0 .4 4
W a te rm e lo n s 0 .1 5 0 .1 8 0 .2 5 0 .5 1
i
0 .2 7
a /  B a s e d  u p o n  c o n s u m p t iv e  u s e  d a t o  f o r  D a v ia ,  C a l i f o r n i a ,  p u b l i s h e d  i n  " S u g g e s te d  S u b j e c t  M a t t e r  f o r  P r e s e n t a t i o n  
a t  I r r i g a t i o n  M o o t in g s "  b y  L .  J .B o o h o r ,  1 9 4 8 , C o l lo g o  o f  A g r i c u l t u r a l  E x t e n s i o n  S o r v i o e ,  D a v i s ,  C a l i f o r n i a !
. ^7
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TABLE 9
✓ bV a lu e s  o f  6 Ta f o r  v a r i o u s  t e m p e r a t u r e s  when 
computing e v a p o - t r a n s p i r a t i o n  by Penman method.
T e m p e r a tu r e 6 ^ T e m p e r a tu r e
•  A b a . nsa H2^ /  d a y V . s n  K ^ / d a y
27 0 1 0 .7 3 35 1 1 .4 8
275 1 1 .5 1 40 1 1 .9 6
280 1 2 .4 0 45 . 1 2 .4 5
285 1 3 .2 0 SO 1 2 .9 4
290 1 4 .2 6 5 5 1 3 .4 5
295 1 5 .3 0 6 0 1 3 .9 6
3 00 1 6 .3 4 65 1 4 .5 2
305 1 7 .4 6 70 1 5 .1 0
310 1 8 .6 0 75 1 5 .6 5
315 1 9 .6 5 80 1 6 .2 5
320 2 1 .1 5 85 1 6 .8 5
325 2 2 .5 0 90 1 7 .4 6
95 1 8 .1 0
10 0 1 8 .8 0
N o te : H e a t  o f  v a p o r i z a t i o n  w as a s s u m e d  t o  b o  c o n s t a n t  a t  SS0
g a l . / g m  o f  H2 0 .
TABLE 10
Mid m on th ly  i n t e n s i t y  o f  s o l a r  r a d i a t i o n  on a  h o r i z o n t a l  s u r f a c e  i n  m.m. o f
w a t e r  e v a p o r a t e d  p e r  day .  1}
N orthern  Hem sphere Southern  Hemisphere
90° 30° 70° 60° 50° 40° 30° 20° 10° )° 10° 20° 30° 40° 50° 60° o e 80° 90°
Ja n . _ 1 .3 3.6 6 .C 8.5 10 .8 1 2 .8 14 5 15.8 16.8 17.3 17.3 17.1 16.6 16.5 17.3 17.6
Feb, — 1 .1 3 .5 5 .9 8 .3 10.5 12.3 13.9 15 0 15.7 15.0 15.8 15.2 14 .1 12.7 11 .2 10.5 10.7
M ar. — 1 .8 4 .3 6 .8 9.1 1 1 .0 12.7 13.9 14.8 IS 2 15.1 14.6 13.6 12 .2 10.5 8.4 6 .1 3.6 1.9
Apr. 7 .9 7.8 9 .1 11 .1 12.7 13.9 14.8 15.2 15.2 14 7 13 .8 12.5 1 0 .8 8.8 6 .6 4.3 1.9 — —
May 14.9 14.5 '1 3 .6 14.6 15.4 15.9 16.0 15.7 15.0 13 9 12 .4 10.7 8.7 5.4 4.1 1.9 0 .1 — —
June i e . i 17.8 17.0 16.5 16.7 16.7 16.5 15.8 14.8 13 4 11 .6 9.6 7 .4 5.1 2.8 0 .8 — — —
Ju ly 16.8 15.5 15.8 15.7 16.1 16.3 16.2 15.7 14.8 13 5 11.9 10 .0 7.8 5.6 3.3 1 .2 _ _ _
Aug. 11 .2 1 0 .6 11.4 12.7 13.9 14.8 15.3 15.3 15.0 14. 2 13.0 11.5 9.6 7.5 5 .2 2 .9 0 .8 — —
S e p t. 2.5 4 .0 6 .8 8 .5 10.5 1 2 .2 13.5 14.4 14.9 14. 9 14.4 13.5 1 2 .1 10.5 8.5 6 .2 3.8 1 .3 —
O ct. — 0 .2 2.4 4 .7 7 .1 9 .3 11.3 12.9 14.1 15. 0 15.3 15.3 14.8 13.8 12.5 10.7 8 .8 7 .1 7.0
Nov. — — OV » - 1 .9 4 .3 6 .7 9.1 11 .2 13.1 14. 6 15 .7  ' 16.4 16.7 16.5 16.0 15.2 •14.5 15.0 15.3
Doc, 0 .9 3 .0 5 .5 7.9 10.3 12.4 14. 3 15.8 16.9 17.6 17.8 17.8 17.5 18.1 18.9 19.3
Computed from "Manual o f  M eteorology" by N apier Shaw, V ol. I I ,  Com parative M eteorology, 
2nd E d it io n ,  Cairbridgo U n iv e rs ity  P reaa , 1936, p p . 4 and 5 .
N ote: Valuo3 from th e  ta b le  by Shaw m u lt ip lie d  by 0.06 and d iv id e d  by 59
g iv es th e  r a d ia t io n  in  mm# o f  w ator p e r d ay .
bQ
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F i g u r e  3 T e m p era tu re  VS. S a t u r a t e d  Vapor  P r e s s u r e .
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10 20 9030 40 50 60 7 0 80 • 1 0 0 .
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T a b i c  11 C a l c u l a t i o n  s h e e t  f o r  Penman method o f  c om put ing  e v a p o - t r a n s p i r a t i o n
L o c a t i o n :  T hames  R i v e r ,  O n t a r i o .  L a t i t u d e  43°N.______ C rop :  A l f a l f a~ ■ - V. ------ "  ~ - - J -----  * ... -
A. DATA: A M j J A S 0
1. A i r  T e m p . - ° F .  ^ 43 -5 5 3 - ^ 6 3 .3 6 7 .9 6 7 .5 60 .9 4 9 .7
2 .  R e l a t i v e  h u m i d i t y  - ‘J c /E s t . ) ?4 73 75 73 75 78 81
3 . S u n s h i n e  n/N -  ^ ( E s t ■ ' 4 l 48 56 61 56 49 42
4 l  Windspeed  ,p.g -  M i /da y  a t  2 m . ( E s t . ) ^ 133 n o 97 84 81 96 100
5.  R a d i a t i o n  r a t e ,  R^ - mm. HgO/day 1 3 .5 1 5 . 7 1 6 .7 16.2 14 .5 H . 7 8 .6
( s e e  A ppendix  I I ,  T a b l e  13)
6 . R e f l e c t i o n  c o e f f i c i e n t  -  5&(Est.) 25 25 25 25 25 25 25
B. SOLVING EXPRESSION:
RA( l  -  r )  ( 0 . 1 8  + O .55  n /N)
7 . (1  -  r ) 0 . 7 5 0 . 7 5 0 . 7 5 0 . 7 5 0 . 7 5 0 . 7 5 0 . 7 5
8 . ( 0 . 1 8  + O .35  n /N) 0 . 4 l 0 . 4 4 0 .4 9 O.52 0 .49 0 .43 o . 4 i
9 . I t e m  5 x i t e m  7 x i t e m  8 4 .15 5 .1 8 6 . 1 4 6 .3 2 5 . 3 3 3-95 2 . 6 4
C. SOLVING EXPRESSION:
T 4 ( O .56  - O.O92  / e  ) ( 0 . 1 0  + 0 . 9 0  n/N)
H  Ci
10.  Vapour  p r e s s u r e
( a )  S a t u r a t e d ,  e ( S e e  Appendix  I I , - 11 .0 16 .0 18.5 18,0 14 .5 8 .0
F i g . 3)
( b )  Actua l-  e , =  (R .H.  x e ) '  '  d '  a - c 8  ; o 12.0 13 .5 13 .5 U . 3 6 .5
( c ) - . 2 . 8  ■ 3 . 5 3 -7 3 . 7 3 .4 2 . 5
11.  ( S e e  Appendix  I I ,  T a b l e  9 ) 12.30 13 .28 14.31 1 4 .8 6 14 .80 14.00 12.90
12 . ( O .56  - 0 .0 9 2  / e ^ ) 0 .5 6 0 .3 0 0 .2 4 0 .2 2 0 .2 2 0 .2 5 0 .3 3
13 . ( 0 . 1 0  + 0 . 9 0  n/N) 0 .4 7 0 .5 3 0 .6 0 0 .6 5 0 .6 0 0 .5 4 0 . 4 8
1U. I t e m  11 x i t e m  12 x i t e m  13 3 . 2b 2 .1 1 2 .0 6 2 .12 1 .95 1.89 2 . 0 4
D. SOLVING FOR H
15.  I t e m  9 minus  i t e m  l 4 0 .9 1  3 .0 7  4 .08  i t . 20 3 .3 8  2 .0 6  0 .6 0
TA
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TABLE 12
C a l c u l a t i o n s  ( J e n s e n  and H a i s e  Method)
Month Rso s
* /
Rs ( Et  ) 
Rs
T
< ° F . )
E
( i n .  )
J 5 .0 .23 2 .4 5 — 19 .7
F 6 .9 .31 3 .1 3 — 2 2 . 4 —
M 10.9 . 5^ 6 .10 .036 29 .0 0 .22
A 12.9 .41 7 . 7 4 .239 4 3 .5 1 .85
M 15 .2 .48 9 . 7 5 .378 53-4 3.68
J 15 .6 .56 10.76 .516 6 3 .5 5 .55
J 1 5 .5 .61 11.16 .581 6 7 .9 6 .4 8
A 14 .3 .56 9 . 8 7 • 575 6 7 .5 5.68
S 12 .0 .49 7 .80 .483 6O.9 3 - 7 7
0 9 . 4 .42 5 .7 3 .326 4 9 . 7 1 .87
N 7-1 '.27 3 .62 .151 3 7 .2 0 .5 5
D 5 . 7 .20 2 .68 — 25-0 —
a /  c a l c u l a t e d  from r e f e r e n c e  ( 10 ) and ( 1 3 )  f o r  Woodstock ,
O n t a r i o .
TABLE 13
T o t a l . s o l a r  and sky  r a d i a t i o n  f o r  c l o u d l e s s  s k i e s  ( c a l c u l a t e d  from 
Budyko,  1956,  T a b l e  1) e x p r e s s e d  i n  i n c h e s  e v a p o r a t i o n  e q u i v a l e n t  (1 gram 
w a t e r  = 590 c a l o r i e s ) .
L a t i ­
t u d e  __________________   Month
0 N J a n . Feb . Mar. ADr. May June J u l y Aug. S e p t . O c t . Nov. Dec
60 1.1 2 .6 6 . 4 1 0 .3 13 .9 14 .9 1 4 .4 1 0 .9 7 . 0 4 . 1 1 .7 0 .8
55 2 .0 3 . 7 7 .7 11.1 1 4 .3 15 .1 1 4 .7 11 .8 8 .2 5 . 1 2 .7 1 . 5
50 3 . 1 - 5 . 0 9 . 0 1 1 .9 14 .7 1 5 .3 1 5 .0 1 2 .5 9 . 5 6 . 4 3 . 9 2 . 5
45 4 . 4 . 6 . 3 1 0 .3 1 2 .7 15 .1 1 5 .5 1 5 .3 1 3 .4 10 .7 7 .7 5 . 1 3 . 8
40 5 . 8 7 . 7 1 1 .3 1 3 .3 1 5 .3 15 .7 1 5 .5 14 .1 1 1 .7 . 8 . 9 6 . 5 5 .1
35 7 . 2 9 . 1 1 2 .3 1 4 .0 15 .3 15 .7 1 5 .5 1 4 .5 12 .5 10.1 7 . 9 6 .4
30 8 . 5 10 .1 1 3 . 0 1 4 . 4 1 5 .3 15.7 1 5 .5 1 4 .8 1 3 .2 11 .0 9 . 1 7.6
25 9 . 5 11 .0 1 3 .5 1 4 .5 1 5 .3 1 5 .6 1 5 .4 1 4 .9 1 3 .7 1 1 .7 10 .0 8 .7
20 1 0 .3 11 .7 1 3 .9 1 4 .5 15 .1 1 5 .3 1 5 .1 1 4 .8 1 4 .0 1 2 .3 10 .9 9 .7
15 11 .1 1 2 .2  . 1 4 .0 1 4 .4 14 .7 14 .8 1 4 .7 1 4 .5 1 4 .1 12.8 1 1 .5 1 0 .5
10 11 .6 1 2 .7 1 4 .0 1 4 .2 1 4 .1 1 4 .1 1 4 .1 14 .1 1 4 .1 13 .1 12.0 11.1
5 12 .0 1 3 .0 1 3 .9 1 3 .9 1 3 .6 1 3 .2 1 3 .4 13 .7 13 .9 1 3 .3 1 2 .4 1 1 .5
0 1 2 .3 1 3 . 2 1 3 .6 1 3 .5 12.8 12.0 1 2 .5 13 .1 1 3 .6 1 3 .3 1 2 .7 1 2 .0
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TABLE 14
C a l c u l a t i o n s  (Hamon Method)
Month D No. o f  days  
i n  month .
T
( ° F . )
P
t  ,
( g m . /m e te r  )
P .E .
( i n . )
J 0.82 51 19-7 __ _
F 0 .82 28 2 2 .4 — —
M 1.02 31 29 .0 — —
A 1.12 30 4 3 .5 .074 1 .53
M 1.26 31 53-^ .105 2 .8 5
J 1 .27 30 6 3 .3 .149 3 .9 6
J 1.29 31 67 .9 .174 4 .9 4* 1.20 31 67 .5 .172 4 .2 3
S 1 .0 4 30 60.9 • 137 2 . 4 4
0 0 .9 5 31 49-7 .094 1 .4 5
N 0.81 30 3 7 .2 .057 0 . 6 l
D 0 .78 31 25 .0 — —
TOTAL = 22.01 i n c h e s .
53
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F i g .  5 A b s o lu te  Hum id i ty  v s .  Dry Bulb T e m p e r a tu r e .
3 0
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9 0 100SO7 06 04 0 5 03 0
D R V  BUL B T E M P E R A T U R E  ( ° E )
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NOTATION
A c r o s s - s e c t i o n a l  a r e a
C e m p i r i c a l  c o e f f i c i e n t  = 0 . 5 5  (Hamon method)
D p o s s i b l e  h o u r s  o f  s u n s h i n e  (Hamon method)
d month ly  d a y - t i m e  c o e f f i c i e n t  ( H a rg r e a v e s  method)
e m on th ly  e v a p o r a t i o n  ( H a r g r e a v e s  method)
( e )  u n c o r r e c t e d  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n
( T h o r n t h w a i t e  method)
E^ e v a p o r a t i o n  (Penman method)
E^ e v a p o - t r a n s p i r a t i o n  o r  c onsum pt ive  u se
e s a t u r a t i o n  vapour  p r e s s u r e  a t  mean a i r  t e m p e r a t u r eQ.
e^ s a t u r a t i o n  vapour  p r e s s u r e  a t  mean dew p o i n t
F e f f e c t i v e  h e a t  i n  t h o u s a n d s  o f  day d e g r e e s
(Lowry-Johnson  method)
F sum o f  m on th ly  consum pt iv e  use  f a c t o r s  = ^  ■ '^ qq
( B l a n e y - C r i d d l e  method)
H d a i l y  h e a t  budge t  a t  s u r f a c e  (Penman method)
h mean m onth ly  r e l a t i v e  h u m id i ty  a t  noon ( H a r g r e a v e s  method)
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i  h e a t  i n d e x
K e m p i r i c a l  s e a s o n a l  c o n s u m p t i v e  u s e  c o e f f i c i e n t
( B l a n e y - C r i d d l e  and H a r g r e a v e s  m et ho d)
k m o n t h l y  c r o p  c o e f f i c i e n t  ( H a r g r e a v e s  m e th o d )
L w a t e r  l o s s e s
N maximum p o s s i b l e  d u r a t i o n  o f  b r i g h t  s u n s h i n e
n a c t u a l  d u r a t i o n  o f  b r i g h t  s u n s h i n e
P t o t a l  p r e c i p i t a t i o n  f o r  t h e  m onth
P . E .  a v e r a g e  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n
(Hamon m e th o d )
P s a t u r a t e d  w a t e r  v a p o u r - w e i g h t  d e n s i t y
p m o n t h l y  p e r c e n t a g e  o f  d a y - t i m e  h o u r s  o f  t h e  y e a r
( B l a n e y - C r i d d l e  m e t h o d )
Q = V A = s t r e a m f l o w
R^ mean m o n t h l y  e x t r a  t e r r e s t r i a l  r a d i a t i o n
(Penman m e th o d )
R s o l a r  r a d i a t i o n  u n d e r  e x i s t i n g  c o n d i t i o n s
S ( J e n s e n  and H a i s e  m e th o d )
R s o l a r  r a d i a t i o n  on c l o u d l e s s  d a y s
50 ( J e n s e n  and H a i s e  m e th o d )
r  r e f l e c t i o n  c o e f f i c i e n t  o f  s u r f a c e
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S f r a c t i o n  o f  p o s s i b l e  s u n s h in e  f o r  t ime p e r i o d
£S change i n  s t o r a g e
T , t  mean month ly  a i r  t e m p e r a t u r e  
^ ( T  x P)X = — i— :-----L = mean annua l  w e ig h te d  t e m p e r a t u r e
2  P
T a b s o l u t e  t e m p e r a t u r ea
U p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  o r  consumpt ive  use
mean wind speed  a t  any h e i g h t
|i mean wind speed  a t  2 m e t e r s
V v e l o c i t y
Boltzman c o n s t a n t  = 2.01 X 10 ^ mm./day
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